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1. INTRODUCTION 

J.M. Waller and Associates, Inc. (JMWA) was tasked by the U.S. Environmental Protection 

Agency (EPA) to perform a human health risk assessment (HHRA) for Smokey Mountain Smelters 

(SMS) in Knoxville, Knoxville County, Tennessee. The risk assessment was performed under 

Contract No. EP-S4-08-03, Task Order No. 19. 

As shown in Figure 1-1 (Facility Location), SMS is located at 1508 Maryville Pike in Knoxville, 

Knox County, Tennessee, in the eastern portion of the state. The 13-acre property is bordered by 

mixed residential and commercial properties to the north; the Montgomery Village apartment 

complex situated approximately 200 feet (ft) to the east; an undeveloped wooded area to the south; 

and both residential and commercial properties to the west. In addition, active railroad lines, owned 

by Norfolk-Southern and CSX Transportation border the property to the east and west, 

respectively. The majority of the residential areas that border SMS are low density with large areas 

that are wooded and undeveloped. Figure 1-2 shows the overall facility layout. 

The HHRA was developed to characterize the potential exposure and risks associated with 

exposure to contaminants of potential concern (COPCs) at the SMS Site (the Site). The HHRA 

was based on the receptors and exposure parameters presented in the Pathways Analysis Report 

(PAR) (JMWA, 2012), and considers the current and future-use exposure pathways by which 

individuals may be exposed to contaminated media. Exposure pathways were identified based on 

consideration of the sources and locations of contaminants, the likely environmental fate of the 

contaminants, and the location and activities of the potentially exposed populations. 

During the preparation of this HHRA, the JMWA team reviewed the available information 

pertaining to the Site. Members of the JMWA team also visited the Site to gain a firsthand 

understanding of potential human exposures. This information was applied to the development of 

the PAR and the exposure assessment presented in this document. 

The HHRA was developed in accordance with EPA Guidance set forth in the following 

documents: 

• Specific risk assessment guidance from EPA Region 4. 
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Risk Assessment Guidance for Superfund (RAGS): Human Health Evaluation Manual, Part A 
(EPA, 1989). 
Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure 
Factors (EVA, 1991). 
Guidelines for Exposure Assessment (EVA, 1992). 
Exposure Factors Handbook: 2011 Edition (EPA, 201 la). 
Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Part D (EPA, 
2001). 
Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (EPA, 
2002). 
Risk Assessment Guidance for Superfund: Human Health Evaluation Manual, Part E, 
Supplemental Guidance for Dermal Risk Assessment. Final (EPA, 2004). 
Child-Specific Exposure Factors Handbook (EPA, 2008). 
Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Part 
F, Supplemental Guidance for Inhalation Risk Assessment. Final (EPA, 2009a). 
Draft Final Supplemental Guidance to RAGS: Region 4 Bulletins, Human Health Risk 
Assessment Bulletins (EPA, 2014a). 
Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default 
Exposure Factors (EPA, 2014b). 

1.1 REPORT OVERVIEW 

There are five major components of the HHRA process for the SMS Site: 

• Hazard Identification — Describes the available site data, the data usability and validation, 

and the guidelines for data reduction for risk assessment purposes; outlines the data 

evaluation approach; and identifies the COPCs (Section 2); 

• Toxicity Assessment — Describes and identifies the cancer and noncancer toxicity factors 

that were used to evaluate the risks associated with exposure to COPCs (Section 3); 

• Exposure Assessment — Describes the exposure setting and local land and water uses. 

Presents a conceptual site model (CSM) for human exposures that describes the source of 

contamination, the affected media, and the exposure scenarios and their associated 

exposure pathways. Methods for estimating the exposure point concentrations (EPCs) are 

also presented along with the scenario-specific exposure parameters (Section 4); 



• Risk Characterization — Integrates the toxicity assessment and the exposure assessment to 

characterize potential cancer risks and noncancer health effects and presents an overall 

summary of the potential risks based on exposure to the affected media (Section 5); and 

• Uncertainty Analysis — Identifies the important uncertainties in the risk assessment process 

and describes the potential impact of these uncertainties on the overall estimate of risk 

(Section 6). 

2. HAZARD IDENTIFICATION 

The hazard identification presents the data available to assess site risks, outlines the approach used 

to summarize the data, and identifies the COPCs. The hazard identification process involves the 

following tasks: 

• Review of available data; 

• Evaluation of the data usability and data validation; 

• Establishment of guidelines for data reduction; 

• Evaluation of data for use in the risk assessment; and 

• Selection of the COPCs. 

2.1 REVIEW AVAILABLE DATA 

Due to interim remedial measures, the historical data is no longer reflective of current site 

conditions and was therefore not incorporated in the HHRA. Additionally, as presented in the 

Final Trip Report, Integrated Assessment Sampling Event (Tetratech, 2009), volatile organic 

compounds (VOCs) and semi-volatile organic compounds (SVOCs) within the apartment complex 

and waste piles soil samples were either not detected or detected at levels below the EPA RSL. 

Therefore, it was determined that further characterization of VOCs and SVOCs in the areas outside 

of the capped areas was not necessary. Therefore, there is no VOC and SVOC data for these on-

site areas included in the HHRA. It was assumed that these areas pose no risk from VOC and 

SVOC contaminant exposure to human health. Furthermore, data within the capped areas (i.e.. 



subsurface soil) is included in the HHRA in order to fully characterize the human health risks at 

the SMS site. The uncertainties associated with these assumptions are discussed below in Section 

6. 

2.2 DATA USABILITY AND DATA VALIDATION 

Data usability is defined as the process of ensuring that the quality of the data meets the intended 

use. Data usability involves assessing the analytical quality, sampling methodology, and field 

errors that may be inherent in the data. Factors evaluated include the level of validation and data 

quality indicators such as completeness, comparability, precision and accuracy, and analytical 

detection limits. All data were reviewed in accordance with the approved project Quality 

Assurmice Project Plmi (QAPP) (JMWA, 2011). 

As per longstanding EPA risk assessment guidance (e.g., the 1989 Risk Assessment Guidance for 

Superfund, Volume I — Human Health Evaluation Manual (Part A) page 5-15 and the 1992 

Guidance for Data Useability in Risk assessment (Part A) page 113), J-qualified concentrations 

are used the same way as unqualified data within a dataset. Although there are reliability issues 

with J-qualified values, for risk assessment purposes, they are used as-is at the qualified 

concentration with the appropriate weight given to the value in any conclusions and subsequent 

decision-making process. The most important uncertainties associated with the use of J-qualified 

data include: 1) potentially eliminating a chemical as a COPC when it should be evaluated, if the 

maximum positive detection is J-qualified and the value is estimated low; and 2) potentially 

retaining a chemical as a COPC when it should be eliminated if the maximum positive detection 

is J-qualified and the value is estimated high. Data validation reports are presented in the draft 

RI/FS report (JMWA, 2015). 

2.3 GUIDELINES FOR DATA REDUCTION 

The following guidelines for data reduction were used to produce the data summaries for the soil, 

groundwater, fish tissue, surface water, and soil gas evaluated in the HHRA. These approaches 

are consistent withi?/5'^^5'5'e5'5'we«/ Guidance for Superfund, Volume 1, Human Health Evaluation 

(Part A) (EPA, 1989). 



• If an anal\1e was not positively identified in any sample in a given medium, because it was 

reported as a non-detect (indicated by a qualifier), because it was present as a result of 

blank contamination, or because it was rejected by the data validator (indicated by iin "R" 

qualifier), it was not addressed in that medium. 

• All anal\lical data with "J" qualifiers were assumed to be positive identifications. "J" 

indicates that the numerical value is iin estimated concentration (e.g.. is reported below the 

minimum confident detection limit). 

• Tlie treatment of field duplicates was as follows to airive at the appropriate sample 

measurement for use in the HHR.A: 

- If both samples (primaiy and field duplicate) indicated that the anal\1e was 

detected, the maximum of the two detected concentrations was used in the HHR.A: 

- If both siimples were non-detect (ND). the maximum of the siimple quantitation 

limits was used in the HHR.A: and 

- If one Siimple was detected and the other was ND. the detected concentration was 

used in the HHRA. 

2.4 DATA EVALUATION 

Tlie data evaluation sumniiulzes the available soil, groundwater, fish tissue, surface water, iind soil 

gas data for use in the HHR.A. The summaiy tables present the following infbnnation: 

List of detected contamimints. 

Range of detected concentrations. 

Locations of maximum detected concentrations. 

Frequency of detection. 

Range of detection limits. 

Screening toxicity values. 

Whether or not the compound is a COPC iind the reason for selection or deletion. 



Summaries for two soil data groupings were presented: one for the surface soil (0 to 1 ft below 

ground surface [bgs]) and one for the surface/subsurface soil (0 to 10 ft bgs), hereafter referred to 

as "total soil." Surface soil data were used to evaluate those receptors that are not expected to 

routinely contact soil at a depth greater than 1 ft bgs. Total soil data were used to evaluate future 

construction workers who may contact the total soil as a result of the mixing of soils from 0 to 10 

ft bgs, which may occur during construction activities. 

Tables IR (surface soil) and 2R (total soil) present the data summaries for both the on-site and 

Flenniken Branch soils. Detected analytes include pesticides, polycyclic aromatic hydrocarbons 

(PAHs), dioxin/flirans, polychlorinated biphenyl (PCB) compounds, and inorganics. 

Table 3R presents the data summaries for groundwater. Detected analytes include VOCs, SVOCs, 

and inorganics. 

Table 4R presents the data summaries for fish tissue (carp, largemouth bass, and all species 

combined) collected from Knob Creek. Detected analytes include one VOC (benzaldehyde), 

dioxin/furans, PCBs, and inorganics. 

Table 5 presents the data summaries for soil gas collected on-site. Detected analytes include 

thirteen VOCs. 

The data summary and results for the surface water evaluation for Knob Creek Embayment are 

presented and discussed further in Appendix A. 

Figures 2-1 through 2-5 present sample locations for all of the media evaluated in the HHRA. 

2.5 SELECTION OF CONTAMINANTS OF POTENTIAL CONCERN 

The COPC selection process was conducted to identify a subset of contaminants that were detected 

in the soil, groundwater, fish tissue, and soil gas that could pose a potential risk to human receptors 

who might contact the affected media. The COPC screening process was conducted in accordance 

with EPA Region 4 guidance (EPA, 2014a). The criteria that were used to determine if a 

contaminant was a COPC included: 



Non-detection - if a contaminant was not detected in any samples, it was not evaluated as 

a COPC. 

A comparison of the maximum detected concentrations to health-based screening criteria 

- The EPA Regional Screening Levels (RSLs) (EPA, 2015a) were used as the screening 

criteria to select COPCs. For screening purposes, a target hazard quotient (THQ) for 

noncancer based RSLs of 0.1 was used. This was done to account for the potential additive 

effects of multiple contaminants impacting similar target organs. A target risk (TR) for 

cancer-based RSLs of one-in-a-million (expressed as 1x10"^) was used. In cases where a 

contaminant had cancer and noncancer criteria, the lower (i.e., more stringent) of the two 

values was used for COPC screening. When an analyte did not have a screening criterion 

available, a suitable surrogate analyte was identified and the screening value for the 

surrogate analyte was used in the COPC selection process. The analytes for which 

surrogate screening values were used are noted on the COPC screening tables. There were 

cases where a suitable surrogate could not be identified for an analyte and a comparison to 

screening criteria could not be performed. These analytes were not carried forward in the 

risk assessment. The uncertainty associated with not evaluating these analytes is discussed 

further in the Uncertainty Analysis. If the maximum detected concentration was less than 

the RSL, the analyte was eliminated from further consideration in the HHRA. If the 

maximum concentration exceeded the RSL, the contaminant was identified as a COPC. 

Further, any member of a contaminant class (e.g., carcinogenic PAHs) that has other 

members identified as COPCs was also retained as a COPC (LPA, 2014a). 

The following presents justification for the selection of surrogate screening values: 

o Pyrene was used as a surrogate for both benzo(g,h,i)perylene and phenanthrene 

because its reference dose (RfD) is in the mid-range of RiDs for other non-

carcinogenic PAHs, as well as structure-activity considerations. 

o For conservatism and/or for lack of chromium speciation (as is the case for soil) 

hexavalent chromium was selected as a surrogate for total chromium. 

o Chlordane was selected as a surrogate for gamma-chlordane due to similar 

structural properties. 
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o Methylmercury is the only form of mercury that accumulates appreciably in 

fish and was therefore used for the mercury screening level in fish tissue. 

• Soil: The COPCs in soil were identified by comparing the maximum detected 

concentrations to the residential soil RSLs (EPA, 2015a). 

• Groundwater: The COPCs in groundwater were identified by comparing the maximum 

detected concentrations to the tap water RSLs (EPA, 2015a). 

• Fish Tissue: The COPCs in fish tissue were identified by comparing the maximum detected 

concentrations to the fish ingestion RSLs (EPA, 2014c). 

• For metals considered to be essential nutrients (calcium, magnesium, potassium, and 

sodium), as well as conventionals presented on Table 3R, the maximum concentrations in 

soil and groundwater were used to calculate a maximum daily intake for children. The 

maximum intake levels were compared to Recommended Daily Allowances (RDAs) and 

Adequate Intakes (AIs). If the maximum intake of the essential nutrient was greater than 

the RDA or AI, it is discussed further in the Uncertainty Analysis. 

2.5.1 Soil 

Tables IR and 2R present the COPC selection process for the analytes that were detected in the 

surface and total soil, respectively. The following table summarizes those analytes that exceeded 

their respective screening criteria: 

Soil COPCs 

On-Site Flenniken Branch On-Site Flenniken Branch 
(Surface Soil) (Surface Soil) (Total SoU) (Total Soil) 

2,3,7,8-TCDD TEQ Benzo(a)anthracene Benzo(a)anthracene Benzo(a)anthracene 
Aluminum Benzo(a)pyrene Benzo(a)pyrene Benzo(a)pyrene 

Arsenic Benzo(b)fluoranthene Benzo(b)fluoranthene Benzo(b)fluoranthe 
Chromium Benzo(k)fluoranthene Benzo(k)fluoranthene Benzo(k)fluoranthe 

Cobalt Chrysene Chrysene Chrysene 
Copper 2,3,7,8-TCDD TEQ Indeno( 1,2,3-cd)pyrene 2,3,7,8-TCDD TEQ 

Iron Aluminum PCB-I232 Aluminum 
Manganese Arsenic Aluminum Arsenic 
Vanadium Chromium Arsenic Chromium 



Soil COPCs 

On-Site 
(Surface Soil) 

Flenniken Branch 
(Surface Soil) 

On-Site 
(Total Soil) 

Flenniken Branch 
(Total Soil) 

Thallium Cobalt Chromium Cobalt 
Zinc Cyanide Cobalt Cyanide 

Iron Copper Iron 
Manganese Iron Manganese 
Thallium Manganese Thallium 

Thallium 
Zinc 

Vanadium 

Because of the carcinogenic PAH exceedances of the residential soil RSL (with the exception of 

on-site surface soil), all of the detected carcinogenic PAHs that did not exceed the residential RSL 

were also selected as COPCs (EPA, 2014a). These included benzo(a)anthracene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and indeno(l,2,3-cd)pyrene (on-site total 

soil only). 

No toxicity values were available to evaluate the presence of essential nutrients (calcium, 

magnesium, potassium, and sodium). The presence and possible exposures to these inorganic 

compounds in soil were evaluated as essential dietary nutrients. The maximum intakes were 

compared to RDAs or AIs. The results of this comparison are presented in Table 8 and indicate 

that the nutrient-based reference values are substantially greater than the intake that could occur 

as a result of ingesting soil with the maximum detected concentrations. As a result, these 

compounds are unlikely to contribute significantly to total risks and no further evaluation of these 

compounds was performed. 

2.5.2 Groundwater 

Table 3R presents the COPC selection process for the analytes that were detected in groundwater. 

The following table summarizes those analytes that exceeded their respective screening criteria: 



Groundwater COPCs 

Shallow Deep 

1.2.4-Trimethvlbenzene 1.2-Dichloroethane 
2.4-Dinitrotoluene 2.4-Dinitrotoluene 

4.4-DDD 2.6-Dinitrotoluene 
Benzene Benzene 

Bis(2-ethylhexyl)phthalate (BEHP) BEHP 
Bromodichloromethiine Bromomethane 

Bromomethiine Chloroform 
Chlorofonn Dieldrin 

Dibenzofuran Heptachlor Epoxide 
Dieldrin Naphthalene 

Ethvlbenzene Pentachlorophenol 
Naphthalene TCE 

Pentachlorophenol Aluminum 
Phenol .Ai'senic 

Tetrachloroethene Benllium 
Trichloroethene (TCE) Cadmium 
(m- and or p-)Xylene Chromium 

Aluminum Cobalt 
Antimony Copper 

Ai'senic Cyanide 
Beryllium Iron 
Cadmium Lead 
Chromium Manganese 

Cobalt Mercur\ 
Copper Molybdenum 
Cyanide Nickel 

Iron Selenium 
Lead Strontium 

Manganese Tliallium 
Mercur\ Viinadium 

Molybdenum Zinc 
Nickel 

Selenium 
Strontium 
Thallium 
Viinadium 

Zinc 
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No toxicity values were available to evaluate the presence of essential nutrients (calcium, chloride, 

magnesium, potassium, and sodium) and conventionals (ammonia, chloride, fluoride, nitrate, 

nitrite, orthophosphate, sulfate, and sulfide). The presence and possible exposures to these 

compounds in groundwater were evaluated separately by comparing maximum intakes to RDAs 

or AIs. The results of this comparison are presented in Table 8 and indicate that the reference 

values for magnesium, potassium, orthophosphate, and sulfide are substantially greater than the 

intake that could occur as a result of ingesting groundwater with the maximum detected 

concentrations. As a result, these compounds are unlikely to contribute significantly to total risks 

and no further evaluation of these compounds was performed. However, reference values for 

calcium, chloride, fluoride, nitrate, nitrite, sodium, and sulfate are exceeded by site concentrations 

and are discussed further in the Uncertainty Analysis. 

For those shallow groundwater COPCs identified as VOCs, maximum detected concentrations 

were compared against EPA Target Groundwater Concentrations for potential vapor intrusion 

concerns (EPA, 2015a) (see Table 3R). Target groundwater concentrations were derived using 

EPA's VISE Calculator at a TR of lE-06 and a THQ of 1.0 last updated in May 2014 (EPA, 2014d). 

These values were updated to reflect those changes made in the January 2015 RSL update (EPA, 

2015a). 

2.5.3 Fish Tissue 

Table 4R presents the COPC selection process for the analytes that were detected in fish tissue. 

The following table summarizes those analytes that exceeded their respective screening criteria: 

Fish Tissue COPCs 

Carp Largemouth Bass All Species 

2,3,7,8-TCDD TEQ 2,3,7,8-TCDD TEQ 2,3,7,8-TCDD TEQ 
PCB Dioxin-Like PCB Dioxin-Like PCB Dioxin-Like 

Congener TEQ Congener TEQ Congener TEQ 

PCB-1260 PCB-1260 PCB-1260 
Arsenic Chromium Arsenic 

Chromium Mercury Chromium 
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Fish Tissue COPCs 

Carp Largemouth Bass All Species 

Lead Lead 
Mercury 

2.5.4 Soil Gas 

Table 5 presents the COPC selection process for the analytes that were detected in soil gas. The 

following table simimarizes those analytes that exceeded their respective screening criteria: 

SoU Gas COPCs 

1,1 -Dichloroethane 
1,2,4-Trimethylbenzene 

1,2-Dichloroethane 
Benzene 

Chloroform 
Chloromethane 
Ethylbenzene 

3. TOXICITY ASSESSMENT 

The toxicity assessment describes and identifies the toxicity values for the COPCs used in the 

estimation of potential cancer risks and noncancer health effects. It also provides a description of 

the terms that were used to estimate toxic effects along with the applicable data sources. Summary 

tables (Tables 9 through 12) are included that present the toxicity values for each of the COPCs in 

RAGS Part D format (EPA, 2001). 

3.1 CANCER EFFECTS 

For cancer effects, the toxicity values are expressed as oral cancer slope factors (CSFo) in units of 

per milligrams of COPC per kilogram per day (mg/kg-day)"^ or as inhalation unit risk factors 

(URF) in units of per micrograms of COPC per cubic meter (p.g/m^)"^ The use of a toxicity value 

depends on the route of exposure being evaluated. The CSFo is used to evaluate exposure from 
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ingestion routes (e.g., drinking water) Mid the URF is used to evaluated inhalation exposures (e.g., 

inhaling VOCs while showering). 

EPA has assigned each COPC a "weight-of-evidence" category that represents the likelihood of it 

being a human carcinogen (EPA, 1989). Six weight-of-evidence categories exist: 

• A — Human carcinogen; 

• B1 — Probable human carcinogen, limited human data are available; 

• B2 — Probable human carcinogen, sufficient evidence in animals and inadequate or no 

evidence in humans; 

• C — Possible human carcinogen; 

• D — Not classifiable as to human carcinogenicity; and 

• E — Evidence of non-carcinogenicity for humans. 

EPA revised the weight-of-evidence categories to include the following five cancer hazard 

descriptors (EPA, 2005a): 

• Carcinogenic to humans; 

• Likely to be carcinogenic to humans; 

• Suggestive evidence of carcinogenic potential; 

• Inadequate information to assess carcinogenic potential; 

• Not likely to be carcinogenic in humans. 

COPCs that are classified in categories A through C following the 1989 weight-of-evidence 

classification and in the first three categories according to the 2005 classification system are 

generally carried through the risk characterization step if CSFs or URFs have been developed. 
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For carcinogens that act with a mutagenic mode of action (MOA) for carcinogenesis (e.g., 

trichloroethylene [TCE], vinyl chloride, and hexavalent chromium), EPA recommends application 

of Age-Dependent Adjustment Factors (ADAFs) to the CSF/URF to ad^ess early lifetime 

exposures and the increased susceptibility of children to carcinogens (EPA, 2005b). This approach 

was followed in the HHRA and is discussed further in Section 5.1. 

3.2 NONCANCER EFFECTS 

Noncarcinogens refer to contaminants that cause toxic effects other than cancer. Noncancer effects 

can include, for example, central nervous system damage, reproductive effects, and other systemic 

effects. For noncancer effects, the toxicity values are expressed as oral reference doses (RfDo) in 

units of mg/kg-day and reference concentrations (RfCs) in units of milligrams per cubic meter 

(mg/m^). The premise of noncancer toxicity values is that there is an exposure level below which 

deleterious noncancer effects are not expected to occur. As with the cancer toxicity values, the use 

of a noncancer toxicity value depends on the route of exposure being evaluated; the RfDo is used 

to evaluate exposure from ingestion routes and the RfC is used to evaluate exposure from 

inhalation. 

3.3 SOURCES OF TOXICITY VALUES 

The toxicity values used in this risk assessment were obtained from the following sources in the 

order presented (EPA, 2003): 

• Tier 1 - Integrated Risk Information System (IRIS) (EPA, 2015b). 

• Tier 2 — EPA's Provisional Peer Review Toxicity Values (PPRTVs) as presented in the 

EPA RSE Table (EPA, 2015a). 

• Tier 3 — Other Toxicity Values - can include the National Center for Environmental 

Assessment (NCEA) values presented on the RSL Table, the Health Effects Assessment 

Summary Tables (HEAST), California EPA values, and the Agency for Toxic Substances 

and Disease Registry (ATSDR) Minimal Risk Levels (MRLs). 
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3.4 DERMAL EXPOSURE 

Toxicity values have not been developed for the dermal absorption pathway. Dermal toxicity 

values were derived from the oral toxicity values as described in EPA's dermal risk assessment 

guidance (EPA, 2004). In general, the CSFoS and RfDoS are expressed as achninistered doses (i.e., 

the amount of a chemical atoinistered per unit time and weight). Conversely, exposures resulting 

from the dermal pathway are expressed as absorbed doses. Therefore, it is necessary to adjust the 

oral toxicity value to account for the contaminant-specific absorption efficiency. 

The fraction of a COPC that is absorbed in the gastrointestinal tract, also known as ABSGI, is a 

critical factor when adjusting from an achninistered to an absorbed dose. The ABSGI values used 

in this risk assessment were obtained from the EPA RSE table (2015a). The CSFoS and RfDoS 

were adjusted to an absorbed dose using different methods. The dermal CSF (CSFd) was derived 

by dividing the CSFo by the ABSGI as shown in Equation 1. 

Where: 
CSFd = Dermal cancer slope factor (mg/kg-day)"^ 
CSFo = Oral cancer slope factor (mg/kg-day)"' 
ABSGI = Fraction of contaminant absorbed in the gastrointestinal tract (unitless) 

The dermal reference dose (RiDd) was derived by multiplying the RiDo by the ABSGI as shown in 

Equation 2. 

Equation 2 

RfDd =RfDox/^S Gi 

Where: 
RfDd = Dermal reference dose (mg/kg-day) 
RfDo = Oral reference dose (mg/kg-day) 
ABSGI = Fraction of contaminant absorbed in the gastrointestinal tract (unitless) 
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3.5 LEAD 

Lead was identified as a COPC in groundwater (shallow and deep). EPA has not assigned verified 

or provisional toxicity values (i.e., CSFs and RfDs) to lead because the toxicity data available to 

date are inadequate for evaluation by the current methodology. Therefore, lead risk was not 

evaluated using the conventional risk assessment approach. EPA's Integrated Exposure Uptake 

Biokinetic model (lEUBK) (EPA, 2010) was used to characterize lead risk to children, the most 

susceptible receptor (see Section 5.3). 

4. EXPOSURE ASSESSMENT 

The objective of the exposure assessment is to estimate the nature, extent, and magnitude of 

potential exposure of humans to COPCs considering both current and future uses. The exposure 

assessment involves several steps, which are listed below: 

• Evaluating the exposure setting, including describing current and future land and water 

uses and identifying potentially exposed human populations. 

• Developing the conceptual site model including sources, release mechanisms, transport and 

receiving media, exposure media, exposure scenarios, exposure routes, and potentially 

exposed populations. 

• Calculating EPCs for each of the exposure scenarios and routes of exposure. 

• Identifying the exposure scenarios, models, and parameters with which to calculate 

exposure doses. 

To provide a range of exposure and risks, the reasonable maximum exposure (RME) and central 

tendency exposure (GTE) scenarios were evaluated (EPA, 1992). The RME, an estimate of the 

high-end exposure in a population, is based on a combination of average and high-end estimates 

of exposure parameters typically representing the 90^ percentile or greater of actual expected 

exposure. The GTE represents an estimate of the average exposure in a population and is based on 

central estimates of exposure parameters. Both the RME and GTE were evaluated for each 

exposure scenario. 

16 



4.1 EXPOSURE SETTING 

4.1.1 Current and Future Land Uses 

The HHRA evaluated potential risks associated with the current and reasonably anticipated future 

uses of SMS. Current land uses formed the basis for the evaluation of existing (i.e., baseline) 

conditions. Future land uses formed the basis for the evaluation of risks associated with future use 

of SMS. 

Based on current zoning restrictions (currently zoned for commercial/industrial use), the presence 

of active and historical industrial properties nearby, as well as the likely future use of SMS, future 

residential development is unlikely. Although unlikely, it was conservatively assumed that SMS 

could be developed for residential or recreational purposes in the future. Therefore, an estimate 

of the upper-bound limits of the potential risks associated with human health was considered. 

4.2 CONCEPTUAL SITE MODEL 

A GSM describes the contaminant sources, the release and transport mechanisms, the receiving 

media, the exposure media, the exposure routes, and the potentially exposed populations. The 

primary objective of the GSM is to identify complete and incomplete exposure pathways. A 

complete exposure pathway has all of the above-listed components, whereas an incomplete 

pathway is missing one or more. Figure 4-1 illustrates the GSM that was developed for the SMS 

site as part of the Preliminary Conceptual Site Model Technical Memorandum (JMWA, 2012). 

Each component of the GSM is examined in detail in the following sections. 

4.2.1 Source of Contamination, Release and Transport Mechanisms, and 
Receiving Media 

As presented in the Preliminary Conceptual Site Model Technical Memorandum (JMWA, 2012), 

sources of contamination at SMS are related to the former operations on site, specifically the 

former fertilizer plant and secondary aluminum smelter operations. Specific source areas on site 

based on the historical data include the following: former waste pile area, former settling ponds, 

former transformer pad, former process building, railroad spur, and recovered underground storage 

tanks. Within the former process building, specific targeted source areas are the stacks and floor 

17 



drains. In addition, prior to the time-critical removal action in 2011. the stockpiles of aluminum 

dross iind salt cake were also potential source areas. 

Tlie following release iind tninspoil processes alTectingthe late iind elTect of contaminants within 

the SMS site have been identified: 

• Surtace runotf iind drainage during and after precipitation events: 

• Wind erosion: 

• Leaching and infiltration to groundwater: 

• Migration tlu'ough the vadose zone: and 

• Bioaccumulation within the food chain. 

4.2.2 Exposure Areas (EAs) 

Because of the various land and water uses throughout the SMS site, the HHR.A was evaluated 

based on three separate E.As. These included the on-site E.A. Elenniken Branch, and Knob Creek 

Embayment. 

4.2.3 Primary Exposure Media 

Based on the review of the cuiTent iind potential land and water uses, the following primary 

exposure media are of potential concern to huniiins at the SMS site: 

• Soil (on-site). 

• Sediment (on-site. Elenniken Briinch. and Knob Creek Embaymeiit). 

• Groundwater (on-site). 

• Eish (Knob Creek Embaymeiit). 

• Soil Gas (on-site). 

• Surftice water (on-site. Elenniken Bnincli. and Knob Creek Embaymeiit). 
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4.3 IDENTIFICATION OF EXPOSURE PATHWAYS 

Tlie following sections describe the possible receptors and exposure pathways considering both 

cuirent iind potential future land iind water uses. An identified pathway does not imply that 

exposures iii*e actually occuiring. only that the potential exists for the pathway to be complete. 

4.3.1 Soil Exposure 

Direct contact with on-site surface and subsurface soil (soil ingestion iind demial absoiption) and 

inhalation of VOCs and pailiculates are all potential exposure pathways for cuirent and future 

populations, which include on-site workers, trespassers, recreational users, construction workers, 

and hypothetical future residents. Based on the iinticipated future use of the SMS site, future 

residential development is unlikely. However, it was conservatively assumed that the SMS site 

could be developed for residential puiposes in the future in order to estimate the upper-bound limit 

of the potential risks associated with huniiin health. 

4.3.2 Sediment and Surface Water Exposure 

Tliere is the potential for surface water iind sediment exposure to both cuiTent and future 

populations at all three E.As. However, consistent with EP.A Region 4 guidance, direct contact with 

sediment in underwater iii*eas (e.g.. Elenniken Bnincli iind Knob Creek Embayment) was not 

quantitatively evaluated in the HHR.A because of infrequent contact by human receptors. When 

sediments iii*e in underwater areas, receptors will infrequently, if at all. come in contact with 

sediment. Tlierefore. the sediment exposure pathway was not evaluated at SMS. In order to 

account for portions of the year when sediments may be diy . sediments were treated as surface 

soil. Based on the minimum likelihood of human health exposure to surface water on-site and 

along Elenniken Branch, it was assumed that the surface water contact exposure scenarios for these 

E.As would be eliminated from consideration in the HHR.A. To account for potential human health 

exposure to surface water in the Knob Creek Embayment. a risk-based surface water screening 

evaluation was conducted iind is presented in .Appendix .A. Based on the low levels observed in 

the available surface water data from Knob Creek, the surface water contact exposure scenarios 

for this E.A were also eliminated from consideration. .A risk-based surface water screening 

evaluation supporting this decision is provided in .Appendix .A. 
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4.3.3 Groundwater Exposure 

Future potable use of on-site groundwater could result in potential exposure to contaminants to a 

current/future on-site worker through ingestion and a hypothetical future resident through 

ingestion and dermal contact. If VOCs are present in the groundwater, there is the additional 

potential for inhalation exposure to the future on-site worker or the hypothetical future adult 

resident. Based on the depths of shallow groundwater samples included in the HHRA (13 ft bgs to 

43 ft bgs), a construction worker would not come into direct contact with groundwater during 

excavation activities (typically up to 10 ft bgs). Therefore, this receptor pathway was not evaluated 

in the HHRA. 

4.3.4 Fish Consumption 

Recreational fishing in the Knob Creek Embayment is known to occur and potential fish ingestion 

exposure to anglers is a potential exposure pathway for current and future populations. 

4.3.5 Soil Gas/Indoor Air Exposure 

There is the potential for future on-site workers and hypothetical future residents to be exposed to 

VOCs through the inhalation of indoor air. This potential was evaluated through the evaluation of 

soil gas samples taken on-site. 

4.3.6 Exposure Point Concentrations 

EPCs are the COPC concentrations that a receptor is assumed to contact during exposure to site 

COPCs. The subsections below present the methods used to calculate the EPCs using EPA's 

ProUCL software program. Version 5.0.00 (EPA, 2013). The list below presents the process for 

determining the EPCs. 

• If less than 8 samples were collected within a data grouping, the EPC is the maximum 

detected concentration. Full detection limits were used as values for the non-detected 

samples in these small data sets. For clarification, the full detection limits for non-detects 

were not incorporated in the data sets as a substitution for detected concentrations. Rather, 

nondetects at their full detection limits were imported into ProUCL as part of the full 

dataset and were treated as nondetects. ProUCL then used the detection limits in order to 
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use the regression on order (ROS) iind Kaplan-Meier (KM) methods for estimating 

population parameters (i.e.. meiin iind standard deviation). Tliese estimations were then 

used to calculate the appropriate parametric or non-pimimetric IX'L. 

• If 8 or more samples were collected within a data grouping iind the data set contains at least 

4 detects, but the data set contains less than 50®o detects, a nonparametric-based l^CL EPC 

is considered. Tlie nonparametric-based value is derived using either Kaplan-Meier (KM) 

or bootstrapping estimation procedures, unless there are fewer than 10 detects. If there are 

fewer than 10 detects, the bootstrapping estimates are not considered. 

• If 8 or more samples were collected within a data grouping iind the data set contains at least 

50® 0 detects, the appropriate distribution of the data set are detemiined and upper 

confidence limits (l^CLs) EPCs iii*e selected as guided by the Prol^CL supporting 

documentation. If the recommended l^CL exceeds the maximum detected concentration, 

a Chebyshev-based l^CL is selected as the EPC if possible. If the Chebyshev-based l^CL 

is still higher than maximum detected concentration, the maximum concentration is 

selected as the EPC. 

Prol^CL calculates 95®o IX'Ls using 15 dilTerent computation methods. 5 parametric iind 10 

non-piminietric. Parametric methods rely on the estimation of piU'iimeters (such as the mean or the 

standard deviation) describing the distribution of the variable of interest in the population: non-

piminietric methods do not. The five piU'iimetric l^CL computation methods include: 

• Student"s-t l^CL. 

• .Approximate giinima l^CL using chi-square approximation. 

• .Adjusted gamma l^CL (adjusted for level significiince). 

• Land's H-VCL. 

• Chebyshev inequality based l^CL (using Minimum Variance Ihi-biased Estimators 

(MVl^Es) of parameters of a lognomial distribution). 
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Tlie 10 non-parametric methods included in Prol^CLare: 

Tlie central limit theorem (CLT) based l^CL. 

Modified-t statistic (adjusted for skewness) based l^CL. 

Adjusted-CLT (adjusted for skewness) based l^CL. 

Chebyshev inequality based l^CL (using siimple mean and sample standiU'd deviation). 

Jackknife method based l^CL. 

l^CL based upon standard bootstrap. 

l^CL based upon percentile bootstrap. 

l^CL based upon bias - corrected accelerated (BC.A) bootstrap. 

l^CL based upon bootstrap-t. 

l^CL based upon Hall's bootstrap. 

Supporting documentation (Prol^CL outputs) for the calculation of the l^CLs is presented in 

.Appendix B. Tlie soil, groundwater, fish, iind soil gas EPCs used in the HHR.A iii*e presented in 

Tables 13R. 14Rand 15tlii'ough 17. 

4.4 EXPOSURE PARAMETERS 

Tlie following sections present the exposure parameters for the receptors that were evaluated in 

the HHR.A. 

4.5 COMMON EXPOSURE PARAMETERS 

Tins section presents the exposure parameters that were used to quantify exposure in tenns of 

contaminant intiike (exposure dose). Tables 18 through 26 present the exposure parameters for 

each receptor by media. The formulas used in estimating exposure intakes are also shown on these 

tables. 
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The following exposure parameters values were constant for all of the exposure scenarios: 

Body Weight (BWt 

The average BW values for the child (1 through 6 years) and the adult was 15 kilograms (kg) and 

80 kg, respectively (EPA, 2014b). For the adolescent (7 through 16 years), the BW was 45 kg 

(EPA, 2008). These values were used in the RME and CTE evaluations and are constant across 

all scenarios. 

Averaging Time (AT) 

The cancer-based AT was based on a 70-year lifetime for all age groups and equates to 25,550 

days (70 years x 365 days/year) (EPA, 1989). The noncancer AT for each of the scenarios was 

based on the receptor- and scenario-specific exposure duration (ED) in years multiplied by 365 

days/year. The noncancer-based AT is constant across all of the scenarios in that it is always the 

ED multiplied by 365 days/year. 

4.6 ON-SITE WORKER EXPOSURE PARAMETERS 

Adult on-site workers may be exposed to contaminants in surface soil at the SMS site via incidental 

soil ingestion, dermal contact and absorption, and inhalation of VOCs and particulates released 

from the soil, as well as groundwater ingestion. Tables 18 through 20 present the on-site worker 

exposure parameters and models that were used to estimate the exposure to soil, groundwater, and 

soil gas. 

RME 

An ED value of 25 years was used in the RME evaluation for the on-site worker (EPA, 2014b). 

An exposure frequency (EE) of 250 days/year was used (EPA, 2014b). The on-site worker was 

assumed to spend 8 hours per day on-site. The default worker soil ingestion rate (IRS) of 100 

milligrams per day (mg/day) was assumed (EPA, 2014b). For soil and groundwater ingestion, a 

fraction ingested (FI) value of 1.0 was used. This assumes that the exposed individual receives 

100% of their daily soil intake while working on-site. The exposed skin surface area (SA) value 

was 3,470 square centimeters (cm^) (EPA, 2014b) and assumes that the head, hands, and forearms 

are exposed. The soil-to-skin achierence factor (AF) value of 0.12 milligrams per square centimeter 
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(mg/cm^) was assumed (EPA, 2014b). The particulate emission factor (PEF), which relates the 

concentration of a contaminant in soil to the concentration of dust particles in air, was assumed to 

be the default value of 5.7E+09 cubic meters per kilogram (m^/kg) for the Atlanta region (climate 

zone VI) (EPA, 2002). 

An adult water ingestion rate (IRW) of 2.5 liters per day (L/day), representing the anount of water 

that is ingested on a daily basis, was assumed for the RME evaluation (EPA, 2014b). 

CTE 

The RME values for IRS, SA, PEF, and IRW were also used for the CTE evaluation. An ED value 

of 12 years was used in the CTE evaluation for the on-site worker (half of the RME value) (EPA, 

2002). An EF of 125 days/year was used based on professional judgment (half of the RME value). 

The on-site worker was assumed to spend half of the RME evaluation at 4 hours per day on-site. 

For soil and groundwater ingestion, a FI value of 0.5 was used. This assumes that the exposed 

individual receives 50% of their daily soil or groundwater intake while working on-site. The AF 

value of 0.02 mg/cm^ was assumed (commerciaEindustrial groundskeeper) (EPA, 2004). 

4.7 TRESPASSER EXPOSURE PARAMETERS 

Site adolescent trespassers may be exposed to contaminants in surface soil at the SMS site via 

incidental soil ingestion, dermal contact and absorption, and inhalation of VOCs and particulates 

released from the soil. Table 21 presents the trespasser exposure parameters and models that were 

used to estimate the exposure to soil. 

RME 

Based on the assumed age range of the adolescent trespasser, an ED value of 10 years was used in 

the RME evaluation (EPA, 2002). An EF of 104 days/year based on exposure twice a week over 

the course of a year was used (EPA, 2002). The trespasser was assumed to spend 4 hours per day 

on-site. The adult residential IRS of 100 mg/day was assumed for the trespasser (EPA, 2014b). 

For soil ingestion, a FI value of 1.0 was used. The SA value was 5,900 cm^ (EPA, 2004) and 

assumes that the head, hands, forearms, lower legs, and feet are exposed. The AF value of 0.07 
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mg/cm^ was assumed (residential gardeners) (EPA, 2004). The FEE was assumed to be the default 

value of 5.7E+09 m^/kg for the Atlanta region (climate zone VI) (EPA, 2002). 

CTE 

The RME values for IRS, ED, SA, and PEF were also used for the CTE evaluation. An EF of 52 

days/year was used based on professional judgment (half of the RME value). The trespasser was 

assumed to spend half of the RME evaluation at 2 hours per day on-site. For soil ingestion, a FI 

value of 0.5 was used. The AF value of 0.01 mg/cm^ was assumed (adult soccer player) (EPA, 

2004). 

4.8 RECREATIONAL USER EXPOSURE PARAMETERS 

Child and adult recreational users may be exposed to contaminants in surface soil through 

incidental ingestion, dermal contact and absorption, and inhalation of VOCs and particulates 

released from the soil. Table 22 presents the recreational users exposure parameters and models 

that were used to estimate the exposure to soil. 

RME 

Residential EDs of 6 and 20 years were assumed for the child and adult recreational users, 

respectively (EPA, 2014b). The recreational users were assumed to be exposed for the 9 months 

of the year when the ground is not frozen or snow-covered (i.e., March through November). During 

these months, exposure is assumed to occur 3 days/week (assume 4.33 weeks per month). This 

equates to an EF of 117 days/year for the RME. The recreational users were assumed to spend 4 

hours per day on-site for the RME evaluation. The child and adult IRS values (200 mg/day and 

100 mg/day, respectively) for residential exposure were used in the RME evaluation for the 

recreational users. For soil ingestion, a FI value of I.O was used. The SA values of 2,690 cm^ 

(assuming head, hands, forearms, lower legs, and feet are exposed) and 6,032 cm^ (assumes head, 

hands, forearms, and lowerlegs are exposed) were assumed for the child and adult recreational 

users, respectively (EPA, 2014b). The AF values of 0.12 mg/cm^ and 0.07 mg/cm^ were assumed 

for the child and adult recreational users RME evaluation. The PEF was assumed to be the default 

value of 5.7E+09 m^/kg for the Atlanta region (climate zone VI) (EPA, 2002). 
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CTE 

The RME values for the ED (child only), SA, and PEE were also used for the CTE evaluation. A 

residential ED of 9 years was assumed for the adult recreational user (EPA, 2002). An EE of 58 

days/year was used based on professional judgment (half of the RME value). The recreational 

users were assumed to spend half of the RME evaluation at 2 hours per day on-site. The CTE IRS 

values were assumed to be 100 mg/day and 50 mg/day for the child and adult recreational users, 

respectively. Eor soil ingestion, a EI value of 0.5 was used. The AE values of 0.04 mg/cm^ (teen 

soccer player, moist conditions) and 0.01 mg/cm^ (adult soccer player) were assumed for the child 

and adult recreational users CTE evaluation. 

4.9 CONSTRUCTION/UTILITY WORKER EXPOSURE PARAMETERS 

Construction/utility workers may be exposed to contaminants in surface and subsurface soil (total 

soil) at the SMS site via incidental soil ingestion, dermal contact and absorption, and inhalation of 

VOCs and particulates released from the soil. Table 23 presents the construction/utility worker 

exposure parameters and models that were used to estimate the exposure to soil. 

RME 

An ED value of 1 year was used in the RME evaluation for the construction/utility worker (EPA, 

2002). An EE of 250 days/year was assumed (EPA, 2014b). The construction/utility worker was 

assumed to spend 8 hours per day on-site. The construction worker IRS of 330 mg/day was 

assumed (EPA, 2002). Eor soil ingestion, a EI value of 1.0 was used. The SA value was 3,470 cm^ 

(EPA, 2014b) and assumes that the head, hands, and forearms are exposed. The 95^ percentile AE 

value of 0.3 mg/cm^ for construction workers was assumed (EPA, 2004). The PEE was assumed 

to be the default value of 5.7E+09 m^/kg for the Atlanta region (climate zone VI) (EPA, 2002). 

CTE 

The RME values for ED, SA, and PEE were also used for the CTE evaluation. An EE of 125 

days/year was used based on professional judgment (half of the RME value). The 

construction/utility worker was assumed to spend half of the RME evaluation at 4 hours per day 

on-site. The outdoor worker IRS of 100 mg/day was assumed for the CTE evaluation (EPA, 2002). 
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For soil ingestion, a FI value of 0.5 was used. The geometric mean AF value of 0.1 mg/cm^ was 

assumed (EPA, 2004). 

4.10 RESIDENTIAL EXPOSURE PARAMETERS 

Although residential development is unlikely at the SMS site, a hypothetical future residential 

scenario was evaluated to determine an upper-bound estimate of the potential risks posed by 

chemical contamination of the site. Residents were assumed to contact surface and subsurface soil 

as a result of the mixing of the soil that is expected to occur during construction activities. Soil 

exposure pathways that were evaluated include incidental soil ingestion, dermal contact and 

absorption, and inhalation of VOCs and particulates released from the soil. Residential 

groundwater exposure was also evaluated to account for future potable groundwater use. 

Groundwater exposure pathways evaluated included tap water ingestion, dermal contact and 

absorption while showering/bathing, and inhalation of VOCs while showering (adult only). 

Residential exposure to VOCs through inhalation of indoor air was also evaluated. EPA's VISE 

Calculator was used to determine indoor air concentrations through the modeling of soil gas 

concentrations (EPA, 2014d). The results of these models are presented in Appendix C. Tables 

24 through 26 present the exposure parameters and models that were used to estimate the 

residential exposure to soil and groundwater. 

RME 

An ED of 26 years (6 years as a child and 20 years as an adult) was assumed for the RME 

evaluation (EPA, 2014b). An EE of 350 days/year was assumed for the RME evaluation (EPA, 

2014b). The resident was assumed to spend 24 hours per day on-site for the RME evaluation. The 

child and adult IRS values (200 mg/day and 100 mg/day, respectively) for residential exposure 

were used in the RME evaluation. For soil and groundwater ingestion, a FI value of 1.0 was used. 

The SA values of 2,690 cm^ (assuming head, hands, forearms, lower legs, and feet are exposed) 

and 6,032 cm^ (assumes head, hands, forearms, and lower legs are exposed) were assumed for the 

child and adult residents, respectively (EPA, 2014b). The AF values of 0.12 mg/cm^ and 0.07 

mg/cm^ (residential gardeners) were assumed for the child and adult residents, respectively. The 
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PEF was assumed to be the default value of 5.7E+09 m3/kg for the Atlanta region (climate zone 

VI) (EPA, 2002). 

For the RME residential exposure to groundwater evaluation, the child and adult IRWs of 0.78 

L/day and 2.5 L/day were assumed, respectively (EPA, 2014b). The child and adult event 

frequency (EV), which represents the number of bathing/showering events per day that a receptor 

takes, was assumed to be once a day (EPA, 2014b). The 50^ percentile SAs of 6,378 cm^ and 

20,900 cm^ were assumed for the child and adult RME evaluations, respectively (EPA, 2014b). 

The child bathing time (tevent) of 32 minutes (0.54 hour/event) was assumed (EPA, 2014b). The 

RME adult showering time of 43 minutes (0.71 hour/event) was assumed (EPA, 2014b). COPC-

specific values needed to calculate dermally absorbed doses were either obtained from the 

appropriate tables in the dermal guidance (EPA, 2004) or from the EPA RSL table (EPA, 2015a). 

The RME COPC-specific values along with the calculated absorbed dose per event (DAevent) 

values are presented on Table 27. 

For the RME residential adult showering exposure pathway, an inhalation rate (IR) of 15 liters per 

minute (L/min) was assumed (Foster and Chrostowski, 1987). The inhalation exposure per shower 

(E) was calculated using the Foster and Chrostowski model (Foster and Chrostowski, 1987 and 

2003). The exposure models and parameters used to calculate the shower exposure pathway are 

presented in Tables 28 through 34. 

CTE 

The RME values for the ED (child only), EF, IRS, SA (soil and groundwater), PEF, IRW, EV, and 

IR were also used for the CTE evaluation. An ED of 9 years was assumed for the adult resident 

(EPA, 2002). The residents were assumed to spend 16 hours per day on-site for the CTE 

evaluation. For soil and groundwater ingestion, a FI value of 0.5 was used. The AF values of 0.04 

mg/cm^ (teen soccer player, moist conditions) and 0.01 mg/cm^ (adult soccer player) were assumed 

for the child and adult resident CTE evaluation. 

For the CTE residential exposure to groundwater evaluation, the child tevent of 16 minutes (0.27 

hours/event) was assumed (EPA, 2014b). The CTE adult showering time of 22 minutes (0.36 
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hours/event) was assumed (EPA, 2004). The CTE COPC-specific values along with the calculated 

DAevent valucs are presented on Table 35. 

4.11 RECREATIONAL ANGLER EXPOSURE PARAMETERS 

Adult and young child (1 through 6 years) recreational anglers may be exposed to contaminants 

through ingestion of fish from Knob Creek. Table 36 presents the recreational angler exposure 

parameters and models that were used to estimate the exposure to fish tissue. 

RME 

As recommended by Region 4, due to the absence of site-specific information, a default upper-

bound fish ingestion rate (IRE) of 54 grams per day (g/day) was assumed (EPA, 2000). One-half 

(27 g/day) was assumed as a reasonable estimate of the consumption rate for the dependent child 

of a recreational angler. An ED of 6 and 26 years was assumed for the child and adult RME 

evaluations, respectively (EPA, 2014b). An EE of 350 days/year was assumed for both the child 

and adult anglers (EPA, 2014b). It was conservatively assumed that the recreational anglers catch 

and consume all of their fish from Knob Creek for the RME evaluation. 

CTE 

The RME values for the ED (child only) and EE were also used for the CTE evaluation. Eor the 

CTE evaluation, 50% of the RME IRE was assumed for both the child (14 g/day) and adult (27 

g/day) recreational anglers. An ED of 15 years (half of the RME evaluation) was assumed for the 

adult recreational angler. A EI value of 0.5 was assumed for both the child and adult recreational 

anglers for the CTE evaluation. This assumes that the anglers receive 50% of their fish ingestion 

from Knob Creek. 

5. RISK CHARACTERIZATION 

The objective of the risk characterization is to integrate the information developed in the exposure 

assessment and the toxicity assessment into an evaluation of the potential risks associated with 

exposure to COPCs. Cancer risks were calculated for those COPCs with evidence of carcinogenicity 
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iuid for which cancer toxicit\ \ alues were a\ ailable. Nonciincer health etTects were e\ aluated for 

COPCs (i.e.. including Ciuvinogens) for which nonciincer toxicity values were available. 

5.1 CANCER RISK 

Potential ciincer risks from oral and dennal exposure were calculated by multiplying the estimated 

lifetime average daily dose (L.ADD) intake that was calculated for a COPC through iin exposure 

route by the exposure route-specitlc CSF. as follows: 

Risk = LADD ='= CSF 

Where: 

L.ADD = Lifetime average daily dose: intiike averaged over a 70-year 
lifetime as mg COPC kg per day. 

CSF = COPC- iind route-specitlc cancer slope tactor (mg kg-day)'k 

Potential ciincer risks from inhalation exposure were calculated by multiplying the calculated air 

concentration iind the l^RF as follows: 

Risk = CA ='= VR¥ 

Where: 

CA = .Air concentration (pg nr^). 

l^RF = Ihiit risk tactor (pg nr^)"'. 

EP.A's cancer risk range is iin increased risk of developing cancer, based on a plausible upper-

bound estimate of risk, of approximately 1-in-l.OOO.OOO (1E-O6)to 1-in-lO.OOO (lE-04). 

Carcuiogens that act with a mutagenic MO.A 

Eor carcinogens that act with a mutagenic MO.A for carcinogenesis. EP.A recommends application 

of .AD.AEs to Ciincer toxicity values to address eiU'ly lifetime exposures and the increased 
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susceptibility of chilcken to carcinogens (EPA, 2005b). The RSL table presents those COPCs 

exhibiting a mutagenic MOA for carcinogenesis. 

The ADAFs for specific age-groups classes are presented below: 

Age (years) ADAF (unitless) 

0-<2 10 

2-<16 3 

>16 1 

Potential RME and CTE risk to an adolescent trespasser (7-16 years) was assessed using the 

following: 

Age (years) Exposure Factors Exposure Duration (years) ADAF (unitless) 

6-<16 Adolescent 10 3 

Total RME and CTE risk for adolescent trespasser exposure = Risk 6 — <16 

Tables 37R and 38R present the results of the adolescent trespasser MOA calculations for RME 

and CTE soil exposure, respectively. 

Potential RME and CTE risk to a child recreational user was assessed using the following: 

Age (years) Exposure Factors Exposure Duration (years) ADAF (unitless) 

0-<2 Child 2 10 

2-<6 Child 4 3 

Total RME and CTE risk for child recreational user exposure = Risk o-<2 + Risk 2-<6 
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Tables 39R iuid 40R present the results of the child recreational user MOA calculations for RME 

and CTE soil exposure, respectively. 

RME residential lifetime exposure factors were divided into two age groupings: child - 0 to 6 

years iind adult - 6 to 26 years. CTE residential lifetime exposure factors were divided into two 

age groupings: child - 0 to 6 yciU's and adult - 20 to 26 years. Potential RME risk to iin individual 

resident was assessed using the following: 

.\ge (years) Exposure Factoi's Exposure Duration (years) .\D.\F (unitless) 

0-2 Child 2 10 

2- 6 Child 4 3 

6-16 Adult 10 3 

16- 26 Adult 10 1 

Potential CTE risk to an individual resident was assessed using the following: 

.\ge (years) Exposure Factoi's Exposure Duration (years) .\D.\F (unitless) 

0-2 Child 2 10 

2- 6 Child 4 3 

20- 26 Adult 6 1 

Total RME risk for lifetime exposure = Risk o - 2 + Risk 2 - 6 + Risk 6 - 16 + Risk 16 - 26 

Total CTE risk for lifetime exposure = Risk 0- 2 + Risk 2 - 6 + Risk 20- 26 

Tables 41R and 42 present the results of the residential MO.A calculations for both soil iind 

groundwater RME exposure, respectively. Tables 43R iind 44 present the results of the residential 

MO.A calculations for both soil and groundwater CTE exposure, respectively. 
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Potential RME and CTE risk to a child angler was assessed using the following: 

Age (years) Exposure Factors Exposure Duration (years) ADAF (unitless) 

0-<2 Child 2 10 

2-<6 Child 4 3 

Total RME and CTE risk for child angler exposure = Risk o-<2 + Risk 2-<6 

Tables 45 and 46 present the results of the child angler MOA calculations for RME and CTE fish 

exposure, respectively. 

TCE 

As discussed in the IRIS Trichloroethylene Assessment Summary (EPA, 2013c), TCE is 

carcinogenic by a mutagenic MOA for induction of kidney tumors. There is also more limited 

evidence for non-Hodgkin's lymphoma (NHL) and liver carcinogenicity. In order to account for 

the mutagenic MOA for ki^ey tumors, EPA recommends applying ADAFs when estimating 

kidney cancer risks from early life exposure to TCE. However, NHL and liver cancer must also 

be accounted for in the cancer risk estimates. To accommodate all three carcinogenic effects, a 

cancer risk was derived for each age group (0 - <2, 2 — <6, 6 — <16, and 16 - <26), including 

adjusted kichiey cancer potency values and unadjusted potency values for liver cancer and NHL. 

These risks were then summed across age groups to obtain the total risk for the exposure period of 

interest. Tables 47 and 48 present the results of the residential MOA calculations for TCE for both 

RME and CTE groundwater exposure, respectively. 

5.2 NONCANCER HEALTH EFFECTS 

Potential noncancer health effects from oral and dermal exposure were evaluated by the calculation 

of hazard quotients (HQs) and hazard indices (His). An HQ is the ratio of the average daily dose 

(ADD) through a given exposure route to the COPC-specific RfD. The HQ-RfD relationship is 

illustrated by the following equation: 
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HQ = ADD RIT) 

Where: 
ADD = Average daily dose: estimated daily intake averaged over the 

exposure duration (mg kg-day). 
RIT) = Reference dose (mg kg-day). 

Tlie HQ for the inhalation pathway was calculated as follows: 

HQ = CA Rir 

Where: 
CA = Air concentration (pg nr^). 

RIT' = Reference concentration (mg nr^). 

HQs were summed to calculate His for each scenario. His were calculated for each exposure route, 

and a total HI was calculated based on exposure to the COPCs from exposure routes for each 

receptor. His of less than one indicate that adverse health elTects associated with the exposure 

scenario are unlikely to occur. 

5.3 LEAD EVALUATION 

Risks from lead exposure iii*e not evaluated using the same methodology as other contamimints. 

Tlie lEl^BK model estimates blood lead concentrations to address exposures to lead. Blood lead 

concentration is the most widely used index of internal lead body burdens associated with potential 

adverse health elTects of lead. Studies indicate that intants iind young children are exiremely 

susceptible to adverse elTects from exposure to lead. Considerable behavioral and developmental 

impainnents have been noted in children with elevated blood lead levels. Since children iii*e a 

more sensitive subpopulation than adults, exposure to lead by adults in a residential scenario is not 

generally evaluated and the receptor of concern for this scenario is the young child. Evaluation of 

the young child in a residential scenario is considered protective of adults, including pregmint 

women: adolescents, including trespassers: and children in a less frequent exposure scemudo. 
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including recreational visitors. It has been determined that childhood blood lead concentrations at 

or above 10 micrograms per deciliter (pg/dL) present risks to children's health. The EPA risk 

reduction goal for contaminated sites is to limit the probability of a child's blood lead concentration 

exceeding 10 pg/dL to 5 percent or less. 

Potential residential child exposure to lead in groundwater was evaluated using EPA's lEUBK 

model for lead in children (EPA, 2007 and 2010). The lEUBK model is designed to estimate blood 

levels of lead in children (under 7 years of age) based on either default or site-specific input values 

for air, drinking water, diet, dust, and soil exposure. Because the output of these models is a range 

of predicted blood lead concentrations, the average shallow and deep groundwater lead 

concentrations were used (20.6 micrograms per liter [pg/L] and 32.2 pg/L, respectively). 

EPA's lEUBK model estimated that the geometric mean blood lead concentration among future 

residential children exposed to shallow and deep groundwater would be 4.083 pg/dL and 4.895 

pg/dL, respectively. Appendix D presents the lEUBK lead model results for shallow and deep 

groundwater. These estimates are less than EPA's established level of concern of 10 pg/dL. The 

probability that the child's blood lead concentration exceeds 10 pg/dL is 2.8% for shallow 

groundwater and 6.4% for deep groundwater for future residential children. EPA's target 

probability is 5 percent or less. In conclusion, exposures to lead in shallow groundwater do not 

exceed EPA's target level of concern, whereas exposures to lead in deep groundwater slightly 

exceed EPA's 5% or less target of concern. 

5.4 VAPOR INTRUSION 

As discussed previously in Section 2.5, shallow groundwater COPCs were screened against EPA 

Target Groundwater Concentrations (EPA, 2014d) to evaluate potential vapor intrusion concerns 

for future receptors. Maximum detected concentrations exceeded their respective Target 

Groundwater Concentrations for 1,2,4-trimethylbenzene, benzene, bromomethane, chloroform, 

ethylbenzene, naphthalene, tetrachloroethene, TCE, and cyanide. Ratios for 1,2,4-

trimethylbenzene, benzene, bromomethane, and naphthalene were only slightly higher than 1.0 

(1.2,1.6,1.8, and 1.4, respectively). Ratios for chloroform, ethylbenzene, tetrachloroethene, TCE, 

and cyanide were slightly higher with ratios of 11.2,2.0, 3.1, 8.3, and 2.2, respectively. However, 
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all of these exceedances are driven by concentrations from wells within the capped waste pile area 

(MWOIA and MW02A). These results indicate that vapor intrusion in unlikely to be of concern 

at the SMS site. Site monitoring well locations relative to site source areas are presented on Figure 

2-3. 

An additional line of evidence was evaluated for the vapor intrusion pathway that included the 

collection of soil gas samples for evaluating potential indoor air exposure to future on-site workers 

and residents. This line of evidence is discussed further in Section 7.4. 

5.5 RISK RESULTS 

Tables 49R, 50, and 51 present summaries of the total RME and CTE cancer risks and noncancer 

His for all receptors evaluated in the HHRA. The following subsections present the cancer risks 

and noncancer His by receptor. Appendix E presents the RAGS Part D Tables 7, 9, and 10 for 

both the RME and CTE evaluations. 

5.5.1 On-Site Worker 

5.5.1.1 Soil 

The total soil RME and CTE cancer risks for the on-site worker for the on-site area were within 

the EPA acceptable cancer risk range of lE-06 to lE-04 with total cancer risks of 1.3E-05 and 

1.4E-06, respectively. The total soil RME and CTE cancer risks for the on-site worker for 

Flenniken Branch were within or below the EPA acceptable cancer risk range with total cancer 

risks of I.OE-05 and I.7E-06, respectively. The primary RME risk drivers were 2,3,7,8-TCDD 

TEQ, arsenic, and chromium. 

The total soil RME and CTE noncancer His for the on-site worker for the on-site area were less 

than the noncancer benchmark with total His of 0.3 and 0.08, respectively. The total soil RME and 

CTE noncancer His for the on-site worker for Flenniken Branch were less than the noncancer 

benchmark with total His of 0.2 and 0.08, respectively. 

See tables E-IR and E-2R for the RAGS Part D Tables 7, E-33R and E-34R for the RAGS Part D 

Tables 9, and E-65R for the RAGS Part D Table 10 for the on-site worker soil evaluation. 
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5.5.1.2 Groundwater 

Tlie total shallow groundwater RME and CTE cancer risks for the on-site worker were above or 

within the EPA acceptable ciincer risk rmige of lE-06 to lE-04 with total cancer risks of 3. lE-04 

and 3.7E-05. respectively. Tlie total deep groundwater RME and CTE cancer risks for the on-site 

worker were above or within the EPA acceptable cancer risk range of lE-06 to lE-04 with total 

ciincer risks of 2.7E-04 and 3.2E-05. respectively. The primaiy groundwater risk drivers were 2.4-

dinitrotoluene. 2.6-dinitrotoluene (deep only). BEHP. chlorofonn (shallow only), dieldrin. 

heptachlor epoxide (deep only), pentachlorophenol. aluminum (shallow only). iU'senic. clu'omium. 

cobalt, manganese, iind thallium. 

Tlie total shallow groundwater RME iind CTE nonciincer His for the on-site worker exceeded the 

nonciincer benchmark with total His of 199 and 50. respectively. Tlie total deep groundwater RME 

and CTE noncancer His for the on-site worker exceeded the noncancer benchmiuT with total His 

of 132 iind 33. respectively. Tlie priniiUT contributors to the shallow groundwater HI exceediince 

were cobalt, niiingiinese. and thallium. Tliese COPCs contributed to the nervous system, thyroid, 

and hair tiU'get-orgiin specific exceediinces. Tlie primaiy contributors to the deep groundwater HI 

exceedances were mangiinese and thallium which contributed to the nervous system iind hair 

target-organ specific exceedances. 

See tables E-3 iind E-4 for the RAGS Pail D Tables 7. E-35 and E-36 for the RAGS Pail D Tables 

9. and E-66 and E-67 for the R.AGS Pail D Tables 10 for the on-site worker groundwater 

evaluation. 

5.5.1.3 Soil Gas 

Tlie total soil gas RME and CTE ciincer risks for the on-site worker were above the EP.A acceptable 

Ciincer risk range of IE-06 to IE-04 with total cancer risks of 8.3E-04 iind I.OE-04. respectively. 

Tlie primaiy risk drivers were I.I-dichloroethane. I.2-dichloroethiine. benzene, chlorofonn. and 

chloromethiine. 

Tlie total soil gas RME and CTE nonciincer His for the on-site worker were greater than the 

nonciincer benchniiU'k with total His of 15 iind 2. respectively. The primary contributors to the HI 
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exceedances were 1.2-dichloroethane and chloromethane (RME only). Tliese COPCs contributed 

to the nervous system target-organ specitlc exceedances. 

See tables E-5 and E-6 for the RAGS Pail D Tables 7. E-37 and E-38 for the RAGS Pail D Tables 

9. and E-68 iind E-69 for the R.AGS Piii1 D Tables 10 for the on-site worker soil gas evaluation. 

5.5.2 Trespasser 

5.5.2.1 Soil 

Tlie total soil RME and CTE cancer risks for the adolescent trespasser for the on-site area were at 

the low end of the EP.A acceptable cancer risk rmige of lE-06 to lE-04 with total cancer risks of 

7. lE-06 and 1.7E-06. respectively. The total soil RME and CTE cancer risks for the adolescent 

trespasser for Elenniken Branch were either at the low end or below the EP.A acceptable cancer 

risk range with total ciincer risks of 5.9E-06 and 1.7E-06. respectively. The prinuiiT on-site risk 

dri\ ers were arsenic iind chromium. 

Tlie total soil RME iind CTE noncancer His for the adolescent trespasser for the on-site area were 

less than the nonciincer benclimark with total His of 0.3 and 0.06. respectively. Tlie total soil RME 

and CTE noncancer His for the adolescent trespasser for Elenniken Branch were less than the 

nonciincer benchniiuT with total His of 0.2 and 0.04. respectively. 

See tables E-7R and E-8R for the RAGS Pail D Tables 7. E-39R and E-40R for the RAGS Pail D 

Tables 9. and E-70R and E-7IR for the RAGS Pail D Tables 10 for the trespasser evaluation. 

5.5.3 Recreational User 

5.5.3.1 Child 

5.5.3.1.1 Soil 

Tlie total soil RME iind CTE ciincer risks for the child recreational user for the on-site iU'ea were 

within the EP.A acceptable ciincer risk riinge of IE-06 to IE-04 with total cancer risks of 4.3E-05 

and 5.4E-06. respectively. Tlie total soil RME and CTE cancer risks for the child recreational user 

for Elenniken Branch were within or below the EP.A acceptable cancer risk range with total cancer 

38 



risks of 3.4E-05 and 5.4E-06. respectively. Tlie primaiy risk drivers were 2.3.7.8-TCDD TEQ 

benzo(a)pyrene. arsenic, and chromium. 

Tlie total soil RME iind CTE nonciincer His for the child recreational user for the on-site area were 

2 iind 0.2. respectively. The total soil RME and CTE noncancer His for the child recreational user 

for Elenniken Branch were I and 0.2. respectively. .Although the on-site RME HI exceeded the 

nonciincer benchmiuT. none of the individual COPCs had a total HQ greater than I. 

See tables E-9R and E-IOR for the R.AGS Pail D Tables 7. E-4IR and E-42R for the R.AGS Pail 

D Tables 9. and E-72R and E-73R for the R.AGS Pail D Tables 10 for the recreational child 

evaluation. 

5.5.3.2 Adult 

5.5.3.2.1 Soil 

Tlie total soil RME iind CTE ciincer risks for the adult recreational user for the on-site iii*ea were 

either within or below the EP.A acceptable cancer risk range of IE-06 to IE-04 with total cancer 

risks of 4.8E-06 and 3.2E-06. respectively. The total soil RME and CTE ciincer risks for the adult 

recreational user for Elenniken Branch were either at the low end or below the EP.A acceptable 

Ciincer risk range with total ciincer risks of 2.6E-07 and I.7E-07. respectively. Tlie primaiy RME 

risk dri\ ers were arsenic and chromium. 

Tlie total soil RME iind CTE nonciincer His for the adult recreational user for the on-site area were 

less than the nonciincer benchmark with His of 0.2 and 0.02. respectively. Tlie total soil RME and 

CTE nonciincer His for the adult recreational user for Elenniken Briinch were less than the 

nonciincer benchniiU'k with His of 0.1 iind 0.01, respectively. 

See tables E-IIR iind E-I2R for the R.AGS Pail D Tables 7. E-43R and E-44R for the R.AGS Pail 

D Tables 9. iind E-74R for the R.AGS Part D Table 10 for the recreational adult evaluation. 
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5.5.4 Construction/Utility Worker 

5.5.4.1 Soil 

Tlie total soil RME iuid CTE ciuicer risks for the construction utility worker for the on-site area 

were within or below the EPA acceptable ciincer risk range of lE-06 to lE-04 with total cancer 

risks of 1.8E-06 and 1.5E-07. respectively. Tlie total soil RME and CTE cancer risks for the 

construction utility worker for Elenniken Branch were below the EPA acceptable ciincer risk rmige 

with total cancer risks of 1. lE-06 iind 9. lE-08. respectively. 

Tlie total soil RME iind CTE noncancer His for the construction utility worker for the on-site area 

were equal to or less tluin the nonciincer benchmark with His of I iind 0.08. respectively. The total 

soil RME and CTE nonciincer His for the construction utility worker for Elenniken Branch were 

less than the nonciincer benchniiU'k with His of 0.8 and 0.2. respectively. 

See tables E-I3R and E-I4R for the RAGS Pail D Tables 7. iind E-45R iind E-46R for the RAGS 

Piii1 D Tables 9 for the construction utility worker evaluation. 

5.5.5 Resident 

5.5.5.1 Soil 

Tlie total surtace soil RME and CTE cancer risks for the age-adjusted resident for the on-site iU'ea 

were slightly above or within the EP.A acceptable ciincer risk range of IE-06 to IE-04 with total 

Ciincer risks of I.6E-04 and 6.7E-05. respectively. Tlie total soil RME and CTE cancer risks for 

the age-adjusted resident for Elenniken Branch were within the EP.A acceptable cancer risk range 

with total cancer risks of I.4E-04 and 5.IE-05. respectively. Tlie priniiuw risk drivers were 

benzo(ii)pyrene. 2.3.7.8-TCDD TEQ. arsenic, and chromium. 

Tlie total surtace soil RME and CTE noncancer His for the child resident for the on-site iU'ea were 

5 iind 2. respectively. Tlie total soil RME and CTE noncancer His for the child resident for 

Elenniken Branch were 4 and 2. respectively. .Although the on-site RME iind CTE His exceeded 

the noncancer benchmark, none of the individual COPCs had a total HQ greater than I. Tlie 
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primaiT contributor to the total RME HI at Flenniken Branch was thallium, which contributed to 

a target-organ specific exceediince for hair. 

Tlie total soil RME and CTE nonciincer His for the adult resident for the on-site iii*ea were 0.5 and 

0.2. respectively. The total soil RME and CTE noncancer His for the adult resident for Elenniken 

Branch were 0.4 and 0.2. respectively. 

See tables E-I5R through E-20R for the RAGS Pail D Tables 7. E-47R tlu'ough E-52R for the 

RAGS Pail D Tables 9. and E-75R through E-77R for the RAGS Pail D Tables 10 for the 

residential soil evaluation. 

5.5.5.2 Groundwater 

Tlie total shallow groundwater RME iind CTE cancer risks were above the EP.A acceptable cancer 

risk range of IE-06 to IE-04 with total cancer risks of I.4E-03 and 3.7E-05. respectively. Tlie 

total deep groundwater RME iind CTE cancer risks were above the EP.A acceptable cancer risk 

range of IE-06 to IE-04 with total cancer risks of I.7E-03 and 6.5E-04. respectively. The primary 

shallow groundwater risk drivers were 2.4-dinitrotoluene. BEHP. chlorofonn. dieldrin. 

pentachlorophenol. trichloroethene. arsenic and chromium and the priniiUT deep groundwater risk 

drivers were I.2-dichloroethane. 2.4-dinitrotoluene. 2.6-dinitrotoluene. BEHP. dieldrin. 

heptachlor epoxide, pentachlorophenol. arsenic, and chromium. 

Tlie total shallow groundwater RME and CTE nonciincer His for child resident exceeded the 

nonciincer benchmark with total His of 487 and 245. respectively. The total deep groundwater 

RME and CTE noncancer His for the child resident exceeded the noncancer benchmark with total 

His of 345 and 180. respectively. The primary contributors to the shallow groundwater HI 

exceedances were BEHP. aluminum, arsenic, cobalt, manganese, mercuiy . molybdenum, nickel, 

thallium, and zinc. Tliese COPCs contributed to target-orgiin specific exceediinces for blood, liver, 

kidney, body weight, nervous system, skin, thyroid, and hair. The primaiy contributors to the deep 

groundwater HI exceedances were BEHP. arsenic, cobalt, manganese, molybdenum, and thallium 

which also contributed to tiU'get-organ specific exceedances for nervous system, blood, liver, skin, 

thvroid. iind hair. 
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Tlie total shallow groundwater RME and CTE nonciincer His for adult resident exceeded the 

nonciincer benchmark with total His of 296 and 148. respectively. The total deep groundwater 

RME and CTE noncancer His for the adult resident exceeded the noncancer benchmark with total 

His of 211 and 109. respectively. The primaiy contributors to the shallow groundwater HI 

exceedances were BEHP. aluminum. iU'senic. cobalt, manganese, nickel, thallium, and zinc. Tliese 

COPCs contributed to target-organ specific exceediinces for blood, liver, body weight, nervous 

system, skin, thyroid, iind hair. The prinuuT contributors to the deep groundwater HI exceediinces 

were BEHP. cobalt, niiingiinese. molybdenum, and thallium which also contributed to the tiU'get-

organ specific exceediinces for nervous system, liver, thyroid, blood, iiiid hair. 

See tables E-2Ithrough E-26 forthe RAGS Pail D Tables 7. E-53 tlu'ough E-58 forthe RAGS Piiil 

D Tables 9. and E-78 tlu'ough E-83 forthe RAGS Pail D Tables 10 forthe residential groundwater 

evaluation. 

5,5,5,3 Soil Gas 

Tlie total soil gas RME and CTE cancer risks for the age-adjusted resident were above the EP.A 

acceptable cancer risk range of IE-06 to IE-04 with total cancer risks of 3.6E-03 and I.4E-03. 

respectively. Tlie primary risk drivers were I.I-dicliloroethaiie. I.2-dichloroethiine. benzene, 

chlorofomi. cliloromethane. and ethylbenzene. 

Tlie total soil gas RME iiiid CTE noncancer His forthe resident were 63 iiiid 24. respectively. Tlie 

primaiy contributor to the total RME HI was I.2-dichloroethiine and cliloromethane. which 

contributed to tiU'get-organ specific exceedance for nervous system. 

See tables E-27 and E-28 for the RAGS Pail D Tables 7. E-59 and E-60 for the RAGS Pail D 

Tables 9. and E-84 and E-85 forthe RAGS Piii't D Tables 10 forthe residential soil evaluation. 

5.5.6 Recreational Angler 

5.5.6.1.1 Fish Tissue 
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5.5.6.2 Child 

Tlie total tlsh RME cancer risks for the child angler for Knob Creek were greater than the EPA 

acceptable cancer risk range of lE-06 to lE-04 with total cancer risks of 1.8E-03 (caip). 3.8E-04 

(largemouth bass) and 1.7E-03 (all species). Tlie total tlsh CTE ciincer risks for the child angler 

for Knob Creek were greater than or within the EPA acceptable cancer risk range of lE-06 to lE-

04 with total cancer risks of 4.6E-04 (carp). 9.5E-05 (largemouth bass) iind 4.2E-04 (all species). 

Tlie primaiy risk drivers were 2.3.7.8-TCDD TEQ. PCB dioxin-like congener TEQ. PCB-1260. 

arsenic, and chromium for caip. 2.3.7.8-TCDD TEQ. PCB dioxin-like congener TEQ. PCB-1260. 

and chromium for largemouth bass, and 2.3.7.8-TCDD TEQ. PCB dioxin-like congener TEQ. 

PCB-1260. arsenic, and clu'omium for all species. 

Tlie total tlsh RME noncancer His for the child angler for Knob Creek were greater than the 

nonciincer benchniiuT with His of 119 (caip). 15 (hu'gemouth bass), and 122 (all species). The 

total fish CTE noncancer His for the child iingler for Knob Creek were greater thiin the nonciincer 

benclimark with His of 30 (caip). 4 (hu'gemouth bass), and 31 (all species). Tlie priniiUT 

contributors to the total HI were 2.3.7.8-TCDD TEQ and PCB dioxin-like congener for caip. 

2.3.7.8-TCDD TEQ. PCB Dioxin-like Congener TEQ. and mercuiy for largemouth bass and all 

species. 

See tables E-29 and E-30 for the RAGS Pail D Tables 7. E-6I and E-62 for the RAGS Pail D 

Tables 9. and E-86 and E-87 for the RAGS Pail D Tables 10 for the child recreational angler 

evaluation. 

5.5.6.3 Adult 

Tlie total fish RME cancer risks for the adult iingler for Knob Creek were greater thiin the EP.A 

acceptable cancer risk range of IE-06 to IE-04 with total cancer risks of 2.5E-03 (caip). 2.7E-04 

(largemouth bass) and 2.4E-03 (all species). Tlie total fish CTE cancer risks for the adult iingler 

for Knob Creek were greater thiin the EP.A acceptable ciincer risk range of IE-06 to IE-04 with 

total Ciincer risks of 6.3E-04 (caip). 6.7E-05 (largemouth bass) iind 6.IE-04 (all species). The 

primaiy risk drivers were 2.3.7.8-TCDD TEQ. PCB dioxin-like congener TEQ. PCB-1260. 

arsenic, and chromium for caip. 2.3.7.8-TCDD TEQ. PCB dioxin-like congener TEQ. PCB-1260. 

43 



and chromium for largemouth bass, and 2,3,7,8-TCDD TEQ, PCB dioxin-like congener TEQ, 

PCB-1260, arsenic, and chromium for all species. 

The total fish RME noncancer His for the adult angler for Knob Creek were greater than the 

noncancer benchmark with His of 45 (carp), 5.8 (largemouth bass), and 11 (all species). The total 

fish GTE noncancer His for the adult angler for Knob Creek were greater than the noncancer 

benchmark with His of II (carp), 2 (largemouth bass), and 11 (all species). The primary 

contributors to the total HI were 2,3,7,8-TCDD TEQ (carp and all species only), PCB dioxin-like 

congener TEQ, and PCB-1260 (carp), PCB Dioxin-like Congener TEQ, and mercury (largemouth 

bass and all species only). 

See tables E-31 and E-32 for the RAGS Part D Tables 7, E-63 and E-64 for the RAGS Part D 

Tables 9, and E-88 and E-89 for the RAGS Part D Tables 10 for the adult recreational angler 

evaluation. 

Tables 49R through 51 present a summary of COC exceedances (TR greater than lE-06 and/or 

THQ greater thanl.O) for soil, groundwater, fish tissue, and soil gas receptors, respectively. 

5.6 CUMULATIVE RISKS 

Table 53R presents the cumulative cancer risks and noncancer His across all media for both the 

on-site worker and resident receptors. The remaining receptors were not evaluated for more than 

one exposure medium and were therefore not included in the cumulative risk summary. As shown, 

all of the cumulative cancer risks and noncancer His for the on-site worker and resident exceeded 

EPA's acceptable cancer risk range and noncancer threshold of 1. 

5.7 REMEDIAL GOAL OPTIONS 

Remedial goal options (RGOs) are site-specific long-term numerical goals used during analysis of 

potential remedial alternatives. According to EPA guidance, once the HHRA has been performed, 

RGOs should be derived from the site-specific cancer risks and noncancer HQs (EPA, 2013a). 

RGOs were calculated using a risk ratio method based on site specific exposure concentrations, 

parameters, and dose equations. The ratio between the target risk (TR)/target hazard quotient 
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(THQ) and the calculated cancer risk noncancer hiizard quotient (HQ) due to individual 

contaminants of potential concern (COPCs) in a specific medium used is as follows: 

Exposure Point Concentration (EPC) Cancer Risk or Noncancer HQ = RGO TR or THQ 

Reaminging this equation allows for the site-specific calculation of RGOs using the follow 

equation and assumptions: 

RGO = EPC * TR or THQ Cancer Risk or Noncancer HQ 

Where: 

RGO = Media-specific remedial goal option (mg kg or pg L) 

EPC = COPC- iind medium-specific exposure point concentration (mg kg or pg L). 

TR = 10-6. 10-5. or 10-4 cancer-based 

THQ = 0.1. 1.0. or 3.0 noncancer-based 

Cancer Risk = COPC- iind medium-specific ciincer risk based on residential exposure. 

Noncancer HQ= COPC- and medium-specific hiizard quotient based on residential exposure. 

RGOs for soil based on residential hind use are presented in Table 58. RGOs for soil based on 

commercial industrial land use are presented in Table 59. RGOs for groundwater based on 

residential land use may be found in Table 60R. 

6. UNCERTAINTY ANALYSIS 

Tlie goal of an unceilainty analysis in a risk assessment is to provide to the appropriate decision 

makers (i.e.. risk managers) infomiation about the key assumptions, their inherent unceilainty iind 

viU'iability. and the impact of this unceilainty and variability on the estimates of risk. Tlie 

unceilainty iinalysis shows that risks are relative in nature and do not represent iin absolute 

quantification. Tlie subsections that follow identify the major unceilainties inherent in the HHR.A 

process by report section to detemiine if the calculated risks may have been overestimated or 

underestimated, and the approximate degree to which this may have occuired. 
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6.1 HAZARD IDENTIFICATION 

• Incorporation of data within on-site capped areas — As mentioned previously, in 
order to fully characterize the on-site area, subsurface data within the on-site capped 
areas is incorporated in the HHRA evaluation. The capped area soil is unlikely to ever 
be available for exposure to human receptors and overestimates the human health risks 
associated with subsurface soil exposure to a significant degree. 

• Analytes without screening values — A number of detected analytes did not have 
screening values available and were not carried through the risk assessment process. 
Because toxicity criteria were not available for these analytes (as demonstrated by a 
lack of health-based screening concentrations), risks (cancer and noncancer) could not 
be estimated. It is possible that site risks are underestimated as a result. 

• Risks from laboratory-related BEHP — BEHP is a carcinogen and was identified as 
a groundwater COPC. However, BEHP is a common laboratory contaminant and it is 
highly unlikely that it is present in the shallow or deep groundwater at SMS site. BEHP 
exposure resulted in a total RME residential cancer risk of 2.9E-04 (21.2% of total 
cancer risk) and 8.4E-04 (50% of total cancer risk) for the shallow and deep 
groundwater respectively. Total BEHP HQs for the RME child resident were 4.8 (less 
than 1% of total HI) and 14 (4.0% of the total HI) for the shallow and deep groundwater, 
respectively. It is likely that the risks from BEHP are significantly overestimated and 
that it is not present in the SMS groundwater at levels of concern for human health. 

• Chromium evaluation - Hexavalent chromium results for groundwater showed three 
hexavalent chromium detects out of nine samples. The detected hexavalent chromium 
concentrations were significantly less than those of total chromium, indicating that the 
total chromium samples are likely not largely comprised of hexavalent chromium. 
However, for conservatism, the toxicity and cancer risk characterizations for total 
chromium were evaluated through use of hexavalent chromium CSFs and URFs as 
presented on the EPA RSL table (EPA, 2015a). The use of hexavalent chromium CSFs 
and URFs to evaluate risks from exposures to total chromium presents a conservative 
approach that likely overestimates risks from total chromium. 

• Essential nutrients — As discussed in Section 2.5, nutrient-based reference values for 
calcium, chloride, fluoride, nitrate, nitrite, sodium, and sulfate are significantly 
exceeded by site concentrations. Currently, site groundwater is not used for potable 
water and there are no plans for future potable use. Furthermore, it is evident that 
hypothetical future receptors would not be able to withstand chinking the water due to 
its high sodium levels. At 250 milligrams per liter (mg/L), the secondary MCE for 
chloride (EPA, 2009b), drinking water begins to taste salty. Site levels of 30,000 mg/L 
far exceed this level and would eliminate any future receptors from potentially 
ingesting tap water. 

• Inclusion of samples MWlOA and MWlOB — Groundwater monitoring wells 
MWlOA and MWlOB collected in June of 2012 were initially determined to be a 
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background locations due to their proximity to the site as well as being up gradient of 
the site. However, analytical results indicated high levels of contaminants within these 
wells. Therefore, MWlOA and MWlOB were incorporated into the on-site 
groundwater evaluation and a new background location was established. Resampling 
of these wells occurred in December of 2012, June of 2013, November of 2013, and 
March of 2014. The uncertainty associated with the inclusion of these samples and 
their implications on site-related contamination is unknown and likely overestimates 
groundwater risks to human health receptors. 

• Modeling of indoor air concentrations — Indoor air concentrations were modeled 
based on EPA's VISE Calculator using site soil gas data. Modeling any exposure 
medium presents a level of uncertainty. There are no buildings currently on-site for 
which to sample indoor air concentrations. It is unknown whether these modeling 
results over- or underestimate indoor air risks to potential future receptors. 

6.2 EXPOSURE ASSESSMENT 

• The seiection of exposure scenarios - It is likely that the scenarios evaluated overstate 
realistic exposures, and thus overestimate the actual site risks. For example, the 
evaluation of a future residential scenario would significantly overestimate potential 
site risks given the current conditions and anticipated future land uses. 

• The seiection of exposure assumptions - The exposure assumptions directly influence 
the calculated doses (chronic daily intakes), and ultimately the calculation of risk. The 
RME concept was used to estimate the exposure potential for each of the receptors that 
were evaluated in the HHRA. The RME is defined as the "maximum exposure that is 
reasonably expected to occur at the site" (EPA, 1989). In most cases, these assumptions 
contribute to an overestimation of plausible real-life exposures, and a resulting 
overestimation of risk. 

• Fish exposure assumptions - Due to a lack of site- or regional-specific fish ingestion 
rates, a default of 54 g/day was used for the adult angler (27 g/day for the child angler) 
per EPA Region 4 guidance (EPA, 2008). The use of 54 g/day is equivalent to 
approximately two 6 ounce meals per week from Knob Creek. Additionally, it was 
conservatively assumed that the anglers catch and consume all of their fish from Knob 
Creek. These assumptions are likely overestimates for a recreational angler and 
therefore overestimate the risks associated with the adult and child angler scenarios to 
a significant degree. 

• Fish tissue collection — As presented in Figure 2-4, fish tissue samples were collected 
well downstream of the SMS site, as well as downstream from several other potential 
source areas shown in Figure 6-1, land use. Furthermore, Knob Creek is largely 
comprised of waters received from the Tennessee River, which is potentially another 
large source of contamination in Knob Creek fish tissue. Given the proximity of fish 
tissue samples to the SMS site, the proximity of other potential source areas, and the 
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contribution from the Tennessee River, risks associated with the fish consumption 
pathway are likely not entirely attributable to the SMS site. 

• Calculation of 95% UCLs — As presented in Section 4.3.6, where appropriate, one
sided 95% UCLs were calculated and used as the EPC. A conservative approach of 
using the full detection limit for NDs was followed for all COPCs in this HHRA. The 
resulting value represents a conservative estimate of the COPC concentration to which 
an individual could be exposed in any given EA during the defined exposure duration 
and frequency. It is likely that using the full detection limit overestimates the site risk 
to some degree. 

• Use of maximum detected concentrations for EPCs — As a conservative measure, in 
cases where there were not enough samples to calculate a UCL, the maximum detected 
concentration was assumed as the EPC. The ProUCL guidance indicates that the 
maximum detected concentration should never be used as it is not a central tendency 
term and is not relatable to how receptors contact media at the site. IThe use of 
maximum detected concentrations for the EPC significantly overestimates receptor 
risks. 

6.3 TOXICITY ASSESSMENT 

• The use of CSFs and RfDs - Both cancer risks and noncancer health effects were 
evaluated using EPA-approved or provisional toxicity criteria. The CSFs and RfDs are 
derived to be health protective and tend to overestimate true toxicity in humans. 
Therefore, risk calculations, which are partially based on toxicity estimates, may be 
overstated in general. The exact degree of overestimation cannot always be determined 
and each COPC must be evaluated on a case-by-case basis. 

• Lack of toxicity values for dermal exposure — Toxicity values for dermal exposures 
have not been developed by EPA. Oral reference doses and CSFoS were adjusted and 
used to assess toxicity from dermal exposures following guidelines provided by EPA. 
The dermal route of exposure can result in different patterns of distribution, 
metabolism, and excretion than occur from the oral route. When oral toxicity values 
for systemic effects are applied to dermal exposures, uncertainty in the risk assessment 
is introduced because these differences are not taken into account. Since any toxicity 
differences between oral and dermal exposure would depend on the specific COPC, 
use of oral toxicity factors can result in the overestimation or underestimation of risk. 
It is not possible to make a general statement about the direction or magnitude of this 
uncertainty. 

• Dermal carcinogenicity of PAHs — The majority of animal and human studies of PAH 
exposure strongly suggest that the carcinogenic effects resulting from exposure occur 
at the site of contact or administration (e.g., skin tumors from dermal contact, GI tumors 
from oral contact) (ATSDR, 1995). There is little evidence that PAHs produce 
systemic tumors following dermal contact (ATSDR, 1995). In order to justify the 
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extrapolation of a CSFo to a CSFd. an assumption must be made that the type of cancer 
produced by oral administration is the siime as that which would be expected following 
dennal contact (i.e.. that dennal contact with P.AHs would produce GI tumors). Since 
this is not believed to be the case, even though dennal absoiption has been quantitled 
for P.AHs. exirapolation of the CSFo to the dermal route of exposure introduces a high 
level of unceilainty into the analysis. .Although it is unlikely that GI tumors would be 
produced by dennal contact with P.AHs. since there is evidence that dermal contact 
with P.AHs may cause skin cancer, the only available data (i.e.. the CSFo) was used to 
quantify potential cancer risk from dennal contact with P.AHs. Tins approach 
introduces a high degree of unceilainty into the iinalysis. and may overestimate the 
dennal cancer risks from P.AHs to a signitlcant degree. 

7. RISK SUMMARY 

7.1 SOIL 

.As presented in Table 54. the majority of carcinogenic risks were below the EP.A acceptable ciincer 

risk range of lE-06 to lE-04 and the majority of noncancer His were below the EP.A noncancer 

benclimark of 1.0. The on-site RME residential scenario slightly exceeded the EP.A acceptable 

levels for chromium (cancer risk of I.2E-04) and thallium at Elenniken Branch slightly exceeded 

the EP.A acceptable level (noncancer HI of 1.4). .As discussed previously, chromium levels iii*e 

likely overestimated due to the conservative use of hexavalent clu'omium toxicity values. Tlie 

thallium total HI of 1.4 is slightly above the noncancer benclimark. Given that the overall approach 

to the HHR.A would tend to overestimate actual risks to a tairly significant degree, it is unlikely 

that soil exposure at the SMS site would result in any unacceptable health impacts for the evaluated 

soil receptors. 

7.2 GROUNDWATER 

.As presented in Table 55. several shallow groundwater COPCs had total RME ciincer risks or total 

His in exceedance of EP.A's acceptable criteria, including BEHP. aluminum, arsenic, chromium, 

cobalt, manganese, mercuiy. molybdenum, nickel, thallium. and zinc. Similarly, deep 

groundwater COPCs with total RME cancer risks or total His in exceedance of EP.A's acceptable 

criteria include BEHP. arsenic, cobalt, cyiinide. manganese, molybdenum, and thallium. .As 

discussed previously in the Ihicertainty .Analysis, risks associated with BEHP are likely due to 

laboratory contamination and not attributable to site-related contiimination. Simihu'ly. risks 

49 



associated with chromium are likely overestimated due to the use of hexavalent chromium toxicity 

values. Contributions from MWlOA and MWlOB, as discussed previously, further overestimate 

site groundwater risks. The majority of shallow groundwater risks are driven by the initial round 

of sampling from MWlOA including aluminum, arsenic, cobalt, manganese, mercury, nickel, 

thallium, and zinc. The deep groundwater COPCs being driven by the first round of sampling from 

MWlOB include BEHP. 

Additionally, vapor intrusion of 1,2,4-trimethylbenzene, benzene, bromomethane, chloroform, 

ethylbenzene, naphthalene, tetrachloroethane, TCE, and cyanide could be a concern for potential 

future receptors. However, as stated previously, exceedances for 1,2,4-trimethylbenzene, benzene, 

bromomethane, and naphthalene only slightly exceed a ratio of 1 and are likely not a concern for 

vapor intrusion. Furthermore, the exceedances for the remaining VOCs are based on 

concentrations from wells located within the waste pile area (MWOIA and MW 02A). 

Shallow and deep groundwater cancer risks and noncancer HQs are also (hiven by samples located 

within the capped waste pile area including MW08A, MW07B, MW02A, and MW03B or 

downgradient of the waste pile area (MWl IB). 

Although site groundwater risks are likely overestimated for a number of reasons stated previously, 

there is still the potential that groundwater exposure to the above COPCs at the SMS site would 

result in unacceptable health impacts primarily for the future resident and to a lesser degree, the 

future on-site worker. It should be noted however that future groundwater use is unlikely at the 

SMS site. A hypothetical future residential scenario was only evaluated to determine an upper-

bound estimate of site risks and the majority of groundwater risks are being driven by the 

conservative residential evaluation. 

As discussed in Section 5.3, EPA's lEUBK model estimated that the geometric mean blood lead 

concentration among future residential chil(h"en exposed to shallow groundwater would be less 

than EPA's established level of concern and the probability that the child's blood lead 

concentration exceeds 10 pg/dL would be less than 5% for both shallow groimdwater. Although 

the deep groundwater shows a geometric blood lead level less than 10 pg/dL, there is a greater 

than 5% probability that a child's blood lead concentration exceeds 10 pg/dL. Therefore, 
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exposures to lead are not a concern in shallow groundwater, but may be of concern from deep 

groundwater at the SMS site. 

7.3 FISH 

Table 56 presents those COPCs in tlsh tissue with RME total cancer risks exceeding EPA's 

acceptable cancer risk range or total His exceeding EPA's noncancer benchniiU'k. These COPCs 

include 2.3.7.8-TCDD TEQ. PCB dioxin-like congener TEQ. PCB-1260. chromium, and mercury. 

.As discussed in the Ihiceilainly .Analysis, risks associated with the child and adult iinglers is likely 

overestimated due to the use of the conservative ingestion rate and fraction ingested used, the 

proximity of other potential source iii*eas. and the contribution from Tennessee River. Eish 

ingestion risks iii*e likely not entirely attributable to site-related activities at SMS. However, taking 

into account this and other conservative assumptions in the HHR.A. there is still the potential for 

adverse health impacts to child and adult anglei's at Knob Creek for the above COPCs. 

7.4 SOIL GAS 

Table 57 presents those COPCs in soil gas with RME total cancer risks exceeding EP.A's 

acceptable cancer risk range or total His exceeding EP.A's noncancer benchmiuT. These COPCs 

include I. I-dichloroetluine. I.2-dichlroethane. and chloromethane. .As discussed in the 

Ihiceilainly .Analysis, risks associated with the soil gas pathway is likely overestimated due to the 

modeling of indoor air concentrations, rather using actual indoor air smnpling results. However, 

taking into account this and other conservative assumptions in the HHR.A. there is still the potential 

for adverse health impacts to potential future on-site workers iind hypothetical future residents for 

the above COPCs. It should be noted that there iii*e currently no buildings on-site and future 

development is not anticipated. In the event that future development occurs at the SMS site, the 

vapor intrusion pathway will need to be revisited. 
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I n..| ,n .-Jil.il.l-

J- 1-1 :JI :J l.'jni-l h.'jl.'jnl .|i|..|i-n| • 

-I :JI :J i.'jni-i ml ..i lE-m. 
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Table 3R 
Occurrence, Distribution, and Selection of Contaminants of Potential Concern - Groundwater 

Smokey Mountain Smelters 
Knoxville, Tennessee 

Exposure 

Point 

CAS 

Number 

•• i-J !• 

1 1 1 • 

Conteminent 

1 i.C'ii tiioroetiiVie 

1 I-CMI tiiMroetiierie 

1 :• J-Trirrietli-llieriierie 

1 !• t-Trirrietli-llieriierie 

: J.Ciirrietii-i(iiieriOi 

:• J-CiiriitrMtMliierie 

vf-ietii-iri i('i'tii verie 

vf-ietii-iiitierioi 

MlitroiitieriOl 

J J'-CiCiQi 

j.nitroiitieriOi 

fi ijitittierie 

E^eri: iiiieii-'ie 

:.i ill otioi 

In I :-Eiii-iiie' -ii (itittiv lie 

.rorriMi)!, tiiMrorrietiiVie 

.rorriorrietii Vie 

i('iOi V t vn 

VliOri 1)1 iilfnie 

tiiMrorrietii Vie 

C'llierilOfiir Vi 

Ciieiiinri 

Ciietii-i (ititti iive 

Etii-iiieriierie 

Fliior intlierie 

Metii-i v et ve 

Metii-i etii-i t-etorie 

Metii-i I oiiiiM t-etorie 

Metli-ierie > tiiornie 

. Vii) or J.iMetli-i(itieriOi 

n i('iitii verie 

100-Jl'-

1 • 1J 

F'erit V tiioroiiti. 

F'tieri iritlirerie 

Tetr V tiioroetti. 

Minimum 

Concentration 

Maximum 

Concentration 

Location 

of Maximum 

Concentration 

11 1vj! 

jj VjU 

jj Vju 

11 1vj! 

11 1vj! 

vji 

;r^. 11 1vji; 

-11-- !• 0 

-01-- !• 0 

V'-. 11 1 

:.M 11-. 

jl-- !• • jji-J 

I.i-l'l-t. Vji 1 

I"- -11 1vji 

jl--'.. I'-J jji-J 

' 11--'.. jji-j 

f vju 

:,Mjj vju 

:,Mv.. vji 

:,M:,i:-.-. ii;i.i..:'i.t. •*' vji i 

:,Mvju 

:,Mjj vju 

:,M 11 1 

:,Mv..: 

:,M 11 1 

:,Mv..: 

:,M 11 1 

:,M Mi^.;. vji 

:,Mjj vju 

:,M 11 1vji 

Detection 

Frequency 

1' -J Ci 

0 -J Ci 

J JM 

1 -J Ci 

Range of 

Detection 

Limits 

Concentration 

Used tor 

Screening 

(1) 

Screening 

Toxicity Value 

(n c) 

(2.3) 

Potential 

ARARTBC 

Value 

Potential 

ARARTBC 

Source 

COPC 

Flag 

(YN) 

Rationale tor 

Selection or 

Deletion 

EM 

EM 

-M 

EM 

EM 

-M 

EM 

EM 

tiB-

-M 

tiB-

EM 

EM 

EM 

-M 

EM 

-M 

-M 

-M 

EM 
tiB-

EM 

EM 

-M 

EM 

EM 

-M 

-M 

EM 

-M 

EM 

EM 

EM 

EM 

EM 

EM 

EM 

-M 

EM 

EM 

-M 

EM 

-M 

tiB-

EM 

-M 

COPC 

volatile? 

Target 

Groundwater 

Concentration 

qjflL) (4) 
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Table 3R 
Occurrence, Distribution, and Selection of Contaminants of Potential Concern - Groundwater 

Smokey Mountain Smelters 
Knoxville, Tennessee 

Exposure 

Point 

CAS 

Number 

Conteminent Minimum 

Concentration 

Maximum 

Concentration 

Location 

of Maximum 

Concentration 

Detection 

Frequency 

Range of 

Detection 

Limits 

Concentration 

Used tor 

Screening 

(1) 

Screening 

Toxicity Value 

(n c) 

(2.3) 

Potential 

ARARTBC 

Value 

Potential 

ARARTBC 

Source 

COPC 

Flag 

(YN) 

Rationale tor 

Selection or 

Deletion COPC 

Volatile? 

Target 

Groundwater 

Concentration 

(UflL) (4) 

•JJMJ 1 • 

•jjMj 

•jjrriV' 

M'-J 01"*''*' 

•jjMj AJ 

•jjMlV'f" 

"•M'-J '*'1' 

•jJiV'l'J 

•jJlV'Jr.. 

•jJlV'.i.M 

•jjM 

trvi -1 

Trn tiioroetli': 

-iiirriiriijrri 

-ritirn ori. 

! iilrrnijrri 

: ill iijrri 

; tirorrmirri 

; tirorrmirri Hii 

: Oil lit 

LO 11) 

MiOriO lurn 

MViijirie 0 

MO ijr-. 

ill iijrn 

•jirriiijrri 

i or 

iiliijrri 

I'troritiurn 

Tti iiiiijrri 

Tit iriiijrri 

Vi iiliijrri 

, trnjrri 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) i 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) i 

HI) L 

HI) L 

HI) L 

HI) L 

HI) L 

HI) i 

:,M jj!: 

:,M11 1I'M) 

:,M11 1I'M) 

:,M jj!: 

:,M Hj^.jju 

:,M11 1I'M) 

:,M Hj^.jju 

:,M MM1 ̂ . r.. jj!: 

:,M Hj^.jju 

:,M Hj-.r.. oji: 

:,M jju 

:.M 1 11 u joi 

:.M 10 jju 

:,M Hj-.r.. oji: 

:.M 1 11 u joi 

:,M jj!: 

:,M jj!: 

:,M Hj-.r.. oji: 

:,M Hj-.r.. oji: 

:,M Hj-.r.. oji: 

:,M Hj-.r.. oji: 

:.M 11^. 11 1 ;• jj! 

:,M Hj-.r.. oji: 

:,M 11 ij jj! 

:,M Hj^.jju 

:,M MM1 ̂ . r.. jj!, 

:,M 11 1jji 

:,M11 1I'M) 

:,M Hj^.jju 

:.M 1 11 u joi 

:,M:,i:-.-. •*' joi 

:,M11 1I'M) 

:,M Hj-.r.. oji, 

1 • -J Ci 

1' -J Ci 

1 • -J: 

1 Mj; 

1 J; 

1' !• -J : 

1'- -J: 

ij J; 

M'! L 

M'! L 

M'! L 

M'! L 

t)-

M'! L 

M'! L 

M'! L 

M'! L 

M'! L 

t)-

E:<L 
EM 

-M 

-M 

-M 

-M 

-M 

EM 

-M 

-M 

t)i IT 

-M 

Toil! 

-M 

-M 

-M 

EM 
t)i IT 

-M 

-M 

t)E.-

-M 

t)E.-

-M 

Fiijoniie 

Nitrite 1 N 

Nitr ite Nitnte 1 

Nitrite 1 N 

ilirltiOfihO (iliite 

:<ijifite 1 

:,M:,M---i;i.i.^. 11 1I'M) 

:,M :,M---i;r^.r.. M. jji ;• 

:,M :,M---iV'^.r.. jj jju 

:,M M M 1 ^ . r.. jt' jju 

:,M MM1 ̂ . r.. jji ;• 

:,M \uw-njM. jj) 

:,M :,i:-.-. loNO •*' joi 

:,M Hj-.r.. oji :• 

:,M :,M---iV'^.r.. jj jju 

N-

M'! L 

M'! L 

M'! L 

M'! L 

N-
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Table 3R 
Occurrence, Distribution, and Selection of Contaminants of Potential Concern - Groundwater 

Smokey Mountain Smelters 
Knoxville, Tennessee 

Exposure 

Point 

CAS 

Number 

•• i-J !• 

Conteminent 

'.•0-"1 

IMMJ 1J 

1 Ci I'-J • • 

•jjMj 1 • 

•jjMj 

•jjrriV' 

M'-J 01"*''*' 

•jjMj AJ 

•jjOt'ij.:. 

1 I.C'ii tiioroetli Vi' 

1 l.C'ii tiioroetlieri' 

1 tiioroetli Vi' 

1 :• J.Tnrrietli-llier 

:• J-CiirntrotMliierie 

• •C'lrntrotMliierie 

MlitroiitieriOl 

J-tlitroiitieriOl 

fll-l ill MtlMl 

I :-Etii-iiie' -ii I'll 

jfriorrietii Vie 

(iroi V t vn 

iMrOfMrrri 

iMrorrietii Vie 

-jiinri 

Etii-iiieriierie 

i) irrirri v! tiiorii ine 

Hei't V tiior ei'O' Hie 

Metii-i iiuM t-etorie 

Metii-i etii-i t-etorie 

Metii-i I oiiuM t-eto 

Metli-ierie > tilMrnie 

n i(ititti verie 

! Virriiiirri 

! ill mrri 

; tirMrriiiirri 

; tirMrriiiirri Hi: 

: Oil lit 

Minimum 

Concentration 

Maximum 

Concentration 

Location 

of Maximum 

Concentration 

.1 

.1 f.i 

1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

1 f.i .-. I 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

1 f.i .-. I 

.1 f.i .-. 

1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

1 f.i .-. 

1 f.i .-. 

.1 f.i .-. 

1 f.i .-. 

f.i:«f.i .-

1 f.i .-. 

1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

.1 f.i .-. 

f.i:«f.i .-

.1 f.i .-. 

.1 f.i .-. 

f.i:«f.i .-

.1 f.i .-. 

1 f.i .-. 

VjU 

VjU 

VjU 

VjU 

111* 

111* 

111* 

111* 

• jji-j 

• jji-j 

VjU 

Detection 

Frequency 

1 I'-J 

1' I'-J 

1 I'-J 

1' I'-J 

• I'-J 

0 I'-J 

Range of 

Detection 

Limits 

Concentration 

Used tor 

Screening 

0 l'i 

Screening 

Toxicity Value 

(n c) 

(2.3) 

0 O-J'i' 

tiB-

tiB-

1-JOO 

1 ••<!;! 

Potential 

ARARTBC 

Value 

M'! L 

M'! L 

M'! L 

M'! L 

Potential 

ARARTBC 

Source 

COPC 

Flag 

(YN) 

Rationale tor 

Selection or 

Deletion 

EM 

EM 

-M 

EM 

-M 

-M 

tiB-

tiB-

EM 

EM 

-M 

EM 

-M 

-M 

EM 

-M 

EM 

-M 

EM 
EM 
-M 

EM 

EM 

EM 

EM 

-M 

EM 

-M 

EM 

tiB-

EM 

EM 

-M 

EM 

-M 

-M 

EM 

-M 

-M 

ni IT 

-M 

Totv O 

-M 

-M 

COPC 

volatile? 

Target 

Groundwater 

Concentration 

qjflL) (4) 
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Table 3R 
Occurrence, Distribution, and Selection of Contaminants of Potential Concern - Groundwater 

Smokey Mountain Smelters 
Knoxville, Tennessee 

Exposure 

Point 

CAS 

Number 

Conteminent Minimum 

Concentration 

Maximum 

Concentration 

Location 

of Maximum 

Concentration 

Detection 

Frequency 

Range of 

Detection 

Limits 

Concentration 

Used tor 

Screening 
(1) 

Screening 

Toxicity Value 

(n c) 
(2.3) 

Potential 

ARARTBC 

Value 

Potential 

ARARTBC 

Source 

COPC 

Flag 

(YN) 

Rationale tor 

Selection or 

Deletion COPC 
Volatile? 

Target 

Groundwater 

Concentration 
qjflL) (4) 

•jjMlV'f" 

"•M'-J '*'1' 

•jJiV'l'J 

•jJlV'Jr.. 

•jJlV'.i.M 

•jjM 

Le I'l 

Miijii-r lurn 

MViijVie e 

Me I if. 

ifi lurn 

'leiiiurri 

I er 

iiliijrri 

I'troiitiurri 

Tti iiinjrri 

Tit irmjrri 

Vi iiliijrri 

, triijrri 

FiijoiMe 

nitrite 1 n 

tiitr ite nitnte i 

tiitnte 1 n 

'I'rltiOiitiM (itiite 

:<ijifite 1 

U') L :.f-i :.f-i- 0 i'E :• jji 1 

U') L :.f-i :.f-i- 0 i'E : jji 1 

U') L :.f-i :.f-i-- j i'E 11 1 !• jji 

U') L :.f-i :.f-i- O'E : jji 1 

U') i :.f-i :.f-i-- 11E 11 1 1' jji 

U') L :.f-i :.f-i- 0 i'E u: jju 

U') L :.f-i :.f-i- O'E : jji 1 

U') L :.f-i :.f-i jju 

U') L :.f-i :.f-i- iV'E jji: 

U') L :.f-i :.f-i- iV'E : jji 1 

U') i :.f-i :.f-i-- j i'E 11 1 !• jji 

U') L :.f-i :.f-i -iv. jjlJ 

U') i :.f-i :.f-i-- lOE 11 1 1' jjl 

U') L :.f-i :.f-i-- lOE 11 1 1' jjl 

U') i :.f-i :.f-i-- j'E 11 1 !• jji 

U') L :.f-i :.f-i-- j'E 11 1 !• jji 

f-i :< f-1 

.1 

-1 :< f-111E 

f-1 :< f-1 ---1 :• 

.1 :,f.i.-. M'E 

-1 :< f-1 ---11E 

1 f.i I 

-1 f-1 

f-1 :< f-1 

l'!' jji-J 

. J jju 

11 1 !• jji !• 

I''' jji-j 

• !• jji-J 

J 1-.. 

i'i i'i 

1-

n-

Mf L 

Mf L 

Mf L 

Mf L 

n-

-:<L 

EM 

ni IT 

-M 

-M 

tiB-

-M 

tiB-

-M 

nc Mijn 

ill f-1 i.irrnjrri iietei teo I orii eritr itiOri ij eo for > reeriirn) 

ill C'l nieriti il t i('""Mer I Orn eritr itiOri Ol't iirieO from tfie PeoiOri il 

Oijriooite I reernrii) iiue u eo 

• F'-rerie ilue IJ eo for (itieri Vitfirerie 

. -ittiOiJijli ' tirorrnijrri [><r> iitiOri Oit i i i iilil'ie lie* i iierit > tirorrnijrri i 

• '! tiiorOVie IJ eo for I) irnrri V' tiiorOVie 

I :.| P itiOri lie for :<eie' tiori or C'eietiOri 

E :<L = EeiO"" reernrii) Le ei 

Tot ii f r : -I I Ouritei) fOr ""itfi tOt ii ' firorrnijrri re uit 

PC'-= E iiijite'11'1 e'i ori re'ommeri'ie'i'iiet v- iiio-virne 

nil T : E eriti ii rnjtnerit 

tjE.- : no t'Ori' firn w i iii itiie 

reernrii) Le ei iPI'Li Tit lie I I irnjir. jjit'i 

eo for I Iirorrnijrri fo 

IJ I For tfiO e fi liiO"" ijroijrnl"" ite 

it 1 TP Of lE-i>.. If ill 

fiti ii iC'M iiili'i I'M' ' ':' 

) THI^I Of 1 0 i I ifiij V- jjlt'i 

I : I vn er ii 1 eo I reernrii) iiije et it 11 vijet ri k Of iE-i>.' 

ri : riOfii ifnerlii eO i reernrnj iiue et it 1 t ifijet Ii i: ifi) Ijuotierit Of 0 1 

n- = fiOt 1 111 it lie 

f-li; L = f-1 virriijrri i Ofit irrnri Vit ie ei 

I Oi itlie m i.irriijm oetei teo I Ofii eiitr itiOfi 

EP- jjl i'i Tvoet orOiifii)"" iter I orii eritr itn: 

Orri(iirei1 lOiiri t EP- T voet'>rOiirii1'~ ite 

e lien eo ij irn) EP-' i M 'i iii iji itor 
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Table 4R 
Occurrence. Distribution, and Selection of Contaminants of Potential Concern - Fish Tissue 

Smokey Mountain Smelters 
Knoxville. Tennessee 

Exposure 

Poinr 

CAS 

Number 

Conraminant Minimum 

Cone enirat ion 

Maximum 

Concentration 

Location 

of Maximum 

Concentration 

Detection 

F requency 

Range of 

Detection 

Limits 

Concentration 

Used for 

Screening 

(1) 

Background 

Value 

Screening 

loxicrty Value 

(nc) 

(2) 

Poteniial 

ARARTBC 

Value 

Poieniial 

ARARTBC 

Source 

COPC 

Flag 

(Y'N) 

Rationale for 

Selection oi 

Deletion 

,i.j-ti-0-

J I. ' H-ii| r tiiiiriiijiii-riri.rijr ,ri 

J * H-. r tiiiiriiijiii-riri.rijr ,ri 

I. ' H-. r tiiiiriiijiii-riri.rijr ,ri 

* F -riiriiiiriiijiii-riri.rijr ,ri 

J * F -riiriiiiriiijiii-riri.rijr ,ri 

T-irriiiiriiijiii-riri.rijr ,ri 

• T. [.[. TE'J 

BH'ti-ri-i . J J r,i..r. 

BH'ti-ri-i . J J F -ri|riii.r.. 

P' B ' "(I'l' 

P' B ' "(I'l' 

P' B ' "(I'l' 

P' B ' "(I'l' 

P' B ' "(I'l' 

P' B ' "(I'l' 

P' B ' "(I'l' 

P' & 

P' B 1 .Ml 

- iijn iifiijn I 

• T P iP 

• T P iP 

T P i P 

• T P iP 

T P iP 

- : L 

- : L 

Eli L 

- : L 

Eli L 

t|i IT 

- i L 

Eli L 

Eli L 

- i L 

t|i IT 

Eli L 

Eli L 

Eli L 

Eli L 

liiiriiijiii-riri.rijr ,ri 

liiiriiijiii-riri.rijr ,ri 

iijili-riri.rijr ,ri • T. [.[. TE' 

T P i P 
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Table 4R 
Occurrence. Distribution, and Selection of Contaminants of Potential Concern - Fish Tissue 

Smokey Mountain Smelters 
Knoxville. Tennessee 

Exposure 

Poinr 

CAS 

Number 

Conraminant Minimum 

Cone enirat ion 

Maximum 

Concentration 

Location 

of Maximum 

Concentration 

Detection 

F requency 

Range of 

Detection 

Limits 

Concentration 

Used for 

Screening 

(1) 

Background 

Value 

Screening 

loxicrty Value 

(nc) 

(2) 

Poteniial 

ARARTBC 

Value 

Poieniial 

ARARTBC 

Source 

COPC 

Flag 

(Y'N) 

Rationale for 

Selection oi 

Deletion 

F. & • • 

F. & • • 

F. & • • 

F. & • • 

F. & C'" 

F' & 1 . 

T&ii*. 

T&ii*. 

T&ii 

T&ii. 

T&m 

T&ii. 

T&m 

T&ii. 

T&m 

E - 'iij 'l-'J ' F ' E TE', 

E - 'iij 'l-'J ' F ' E TE', 

'iij 'l-'J ' F ' E TE', 

'IIJ 'l-'J ' F ' E TE', 

- : L 

- : L 

Ei L 

t|i IT 

- : L 

Ei L 

Ei L 

t|i IT 

- : L 

Eli L 

Eli L 

Eli L 

,i.j-ti-.j-

1,| ,, tiiiiriiijiii-riri.rijr ,ri 

,< tiiiiriiijiii-riri.rijr ,ri 

,< tiiiiriiijiii-riri.rijr ,ri 

t,i,,riiiji|i-ri:iirijr ,ri 

t,i,,riiiji|i-ri:iirijr ,ri 

.riiijiii-riri.rijr ,ri 

Eiil.t,-r 

Eiil.t,-r 

Eiil.t,-r 

F' El ' ..r,.) 

F' El ' ..r,.) 

F' El ' ..r,.) 

F' El ' ..r,.) 

F' El ' ..r,.) 

F' El ' ..r,.) 

F' El ' ..r,.) 

F' El C'l"-" 

F' El 1 .t.ii 

- iijn iifiijn I 

-• JE 

. .E 

El TE', 

El TE', 

T P iP 

T P iP 

T P iP 

T P iP 

T P iP 

T P i P 

T P iP 

T P iP 

T P iP 

T P iP 

T P i P 



Table 4R 
Occurrence. Distribution, and Selection of Contaminants of Potential Concern - Fish Tissue 

Smokey Mountain Smelters 
Knoxville. Tennessee 
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Exposure 

Point 

CAS 

Number 

Coniammant Minimum 

Cone enirat ion 

Maximum 

Concentration 

Location 

of Maximum 

Concentration 

Detection 

F requency 

Range of 

Detection 

Limits 

Concentration 

Used for 

Screening 

(1) 

Background 

Value 

Screening 

loxicrty Value 

(nc) 

(2) 

Poteniial 

ARARTBC 

Value 

Poieniial 

ARARTBC 

Source 

T P iP 

T P iP 

T P iP 

T P iP 

T P iP 

T P i P 

T P iP 

• T P iP 

COPC 

Flag 

(Y'N) 

Rationale for 

Selection or 

Deletion 

E<i L 

- : L 

E<i L 

E<i L 

E<i L 

,j -,j r,,r . r—riir,.) 

. -r,|r,|i..r, rr..ri, |t,- P-ji-rnl :• r —riir,.) L—-I 'P :L' Fi 

- :L : 'I 

BiL : l-l.-

) - iiij- -I il 1 n k ..r 1E I tiEti. : m. . r—riir,.) l-r,. t,ri,,rk t- ,ii,|.i-
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Table 5 
Occurrence, Distribution, and Selection of Contaminants of Potential Concern - Soil Gas 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

Exposure 

Point 

CAS 

Number 

Conteminent 

I I-C'II riiMroeiriiri' 

I ;• J-Tnrneili-ll'er 

I j-C'ii riioroeirivi. 

I !• t-Truneili-U'er 

Meiii-ierie riiornie 

Minimum 

Concentration 

Maximum 

Concentration 

Location 

of Maximum 

Concentration 

Detection 

Frequency 

Range of 

Detection 

Limits 

Concentration 

Used tor 

Screening 

(1) 

I.I.MM 

Screening 

Toxicity Value 

(NO 

(2) 

COPC 

Flag 

(Y N) 

Rationaletor 

Selection or 

Deletion 

iiE.-

-I'L 

E.I'L 

-I'L 

-I'L 

-I'L 

E.I'L 

E.I'L 

E.I'L 

E.I'L 

ill f-1 iirmiri iieir 

iji •iliijr irilni lOr 

Mill rlill iliMli i| ri) IMI I lir-rliilnl 

eiIIIIII Le ei I I I'L I I'i eo on mo I •iimiir- jOlo P'OiliOn-,! :.| roonirni LO 01 iPI'Li T "ilil E. :.L = liOlO- I lOOnifnl 10 01 

I = I •,iii 01 111 Oil I lOOnifni "ilnO 

II- = iiOl i ill il'IO 

riE.- = NO noiii nrn -,11- -jiriiiio 

01 il i lililOl II I- 01 IE-

01 il i lil',101 lii; ilil ||||0|I0I|| 01 0 I 



Table 8 

Comparison of Maximum Essential Nutrient Concentrations to Recommended Dietary Allowances/Adequate 
Intakes 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

Maximum Maximum Dally Result 
Detected Intake ** Range of RDA/AI'^ of 

Essential Nutrient Concentration ^ Units (mq/day) (mq/day) Comparison 
Soil 

Calcium 170000 mq/kq 34 200- 1300 Eliminate 
Magnesium 22000 mq/kq 4.4 30 - 420 Eliminate 
Potassium 12000 mq/kq 2.4 400-5100 Eliminate 
Sodium 11000 mq/kq 2.2 120-1500 Eliminate 

Groundwater 
Ammonia 670 ma/L 523 NA 
Calcium 8200 ma/L 4838 200- 1300 Retain 
Chloride 54400 ma/L 42432 57 - 2300 Retain 
Fluoride 330 ma/L 257 0.01 -4 Retain 
Maonesium 380 ma/L 281 30 - 420 Eliminate 
Nitrate 500 ma/L 390 0-3.7 Retain 
Nitrite 51.3 ma/L 40.0 0-0.07 Retain 
Orthoohosohate as P 4.5 ma/L 3.5 100-1250 Eliminate 
Potassium 1600 ma/L 1248 400-5100 Eliminate 
Sodium 30000 ma/L 23400 120-1500 Retain 
Sufate 2880 ma/L 2090 280- 1300 Retain 
Sulfide 8.9 ma/L 5.4 280- 1300 Eliminate 

Notes: 
' Maximum detected concentration based on the highest maximum detected concentration among all exposure units. 
' Estimated based on a 200 mg/day soil ingestion rate (200 mg/day = 0.0002 kg/day) or a 0.78 L/day tapwater ingestion 

Sources: Standing Committee on the Scientific Evaluation of Dietary Reference Intakes. Dietary RefererKC Irjtakes 
for Calcium. Phosphorus. Magnesium. Vitamin D. and Fluoride (The National Academies Press. 1997) and Dietary 
Reference intakes for Water. Potassium. Sodium. Chloride, and Sulfate (The National Academies Press. 2005). 
Al = Adequate intake 
NA = Not available 
RDA = Recommended dietary allowance 



Table 9 
Non-Cancer Toxicity Data -- Oral/Dermal 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

Contaminant 

of Potential 

Concern 
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I j-CinililMroeili-irie 
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Subchronic 

luE-ui 

lOE-o: 
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II-
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: uuE. 

: uuE. 

I JOE-

I OOE. 

lOE-iM 
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luE-uJ 

luE-uJ 
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II Ml'l-

II Ml'l-

Oral Absorption 

Efficiency for Dermal (1) 

Absorbed RfPfor Dermal (1) 
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II-
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I JOE-

I OOE. 

lOE.iO 
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Combined 
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Dates (2) 
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T: F'-:L T',I.I 



Table 9 
Non-Cancer Toxicity Data -- Oral/Dermal 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

Contaminant 

of Potential 

Concern 

Chronic/ 

Subchronic 

Lei'l 

M irii|irie:e 

Merojr^ i-:j 

MeiliJnierOjr^ lOj 

MoLliilernjni 

. Irofiliijni 

T(i illiijii I 

irii'liijni 

I OOE. 
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II-

•JOE. 
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ijijE. 
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• LiLlE. 
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Oral Absorption 

Efficiency for Dermal (1) 

Absorbed RfPfor Dermal (1) 
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Combined 
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Source(s) 
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Dates (2) 
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10J Moiii-iiiiOi.:.ir- 10 iOii- ill 10 .1:00 101 Mill n: :.io 0 iiijiiioi. 

-T-: Cip = -iioii.:'. 101 To i.: Oijl.iiiiioo: iinl CNioiio PO'iiiir. 

HE-". T = Ho il|l. EnOO 11 - I 10 I |li .01.1 ". I Jli ili lil'- T ihlo I 

IP'IO = IlilO'll ilOO Pill- IrilOlliiiliOli 0 - llOlii 

N- = nol i iiliOlO 

PPPT = Pro iliOliil POOI.PO iO.""r.| To i.OT iluO 



Table 10 
Non-Cancer Toxicity Data -- Inhalation 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

Centxminant 

of Potential 

Concern 

Chronic/ 

Subchronic 

nhaiation RfC 

Primarv 

Target 

Organ(s) 

Combined 

Uncertaintv/Modifying 

Facton 

_RfCTarjet_OrganJs| 

Source(s) Dates (1) 
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E 

E 
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Table 10 
Non-Cancer Toxicity Data -- Inhalation 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

Cont2min3nt Primarv Combined 

of Potential Chronic/ inhalation RfC Target Uncertalntv/Modifying RfC Target Oraan(s) 

Concern Subchronic Value Units Organ(s) Facten Seurce(s) Dates (1) 
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*! troritmni ti- - -
T(i illmni ti- - -

Vi •: tirorm: 1 OOE-O-J 

tl-

Fo:|iirilor'- :'-:lorii ::i:i -T-:CiF' :ulT F-: L Til.lo 
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Table 11 
Cancer Toxicity Data -- Oral/Dermal 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

Contaminant 

of Potential 

Concern 

I i.Cii.:i,i.:.r.:.eiiiVie 

I j-CinililMroeili-irie 

I : J-Trirneili Jlieriierie 
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Table 11 
Cancer Toxicity Data -- Oral/Dermal 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

Contaminant 

of Potential 

Concern 

_Oral_CancerSlo£e_Facter Oral Absorption 

Efficiency for Dermal (1) 

Absorbed Cancer Slope Factor 
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Weight of Evidence/ 

Cancer Guideline 
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Table 12 
Cancer Toxicity Data -- Inhalation 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

Contaminant 

of Potential 

Concern 
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F-:L T",i.ie 
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Table 12 
Cancer Toxicity Data -- Inhalation 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

Contaminant 
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Scenario Timeframe: Current/Future 

Medium: Soil 

Exposure Medium: Surface soil 

Table 13R 
Exposure Point Concentration Summary - Surface Soil 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

Exposure Contaminant of Units Average 95% UCL Maximum Exposure Point Concentration 

Point Potentiai Concern Conc^ Cone Vaiue Units Statistic Rationaie 

On-Site 2.3.7.8-TCDDTEQ mg/kg 1.42E-05 NC 2.90E-05 2.90E-05 mg/kg Maximum t. 

Aluminum mg/kg 2.90E+04 4.33E+04 1.20E+05 4.33E+04 mg/kg 95% Chebyshev (Mean. Sd) UCL t. 

Arsenic mg/kg 1.60E+01 1.75E+01 3.60E+01 1.75E+01 mg/kg 95% Approximate Gamma UCL t. 

Chromium mg/kg 3.24E+01 3.66E+01 8.40E+01 3.66E+01 mg/kg 95% Student's-t UCL t. 

Cobalt mg/kg 1.53E+01 1.73E+01 4.10E+01 1.73E+01 mg/kg 95% Approximate Gamma UCL t. 

Copper mg/kg 1.50E+02 3.72E+02 1.90E+03 3.72E+02 mg/kg 95% Chebyshev (Mean. Sd) UCL t. 

Iron mg/kg 3.54E+04 3.83E+04 9.20E+04 3.83E+04 mg/kg 95% Approximate Gamma UCL t. 

Manganese mg/kg 1.16E+03 1.39E+03 4.40E+03 1.39E+03 mg/kg 95% Approximate Gamma UCL t. 

Thallium mg/kg 2.57E+00 NC 6.30E-01 6.30E-01 mg/kg Maximum t. 

Vanadium mg/kg 3.66E+01 3.92E+01 6.40E+01 3.92E+01 mg/kg 95% Approximate Gamma UCL t. 

Zinc mg/kg 2.77E+02 6.73E+02 4.20E+03 6.73E+02 mg/kg 95% Chebyshev (Mean. Sd) UCL t. 

Flenniken Benzo(a)anthracene mg/kg 1.31E-01 NC 5.10E-02 5.10E-02 mg/kg Maximum t. 

Branch Benzo(a)pyrene mg/kg 1.38E-01 NC 1.00E-01 1.00E-01 mg/kg Maximum t. 

Benzo(b)fluoranthene mg/kg 1.40E-01 NC 1.10E-01 1.10E-01 mg/kg Maximum t. 

Benzo(k)fluoranthene mg/kg 1.39E-01 NC 1.00E-01 1.00E-01 mg/kg Maximum t. 

Chrysene mg/kg 1.37E-01 NC 9.60E-02 9.60E-02 mg/kg Maximum t. 

2.3.7.8-TCDDTEQ mg/kg 5.84E-06 NC 9.90E-06 9.90E-06 mg/kg Maximum t. 

Aluminum mg/kg 1.16E+04 1.39E+04 1.80E+04 1.39E+04 mg/kg 95% Student's-t UCL t. 

Arsenic mg/kg 8.58E+00 1.02E+01 1.50E+01 1.02E+01 mg/kg 95% Student's-t UCL t. 

Chromium mg/kg 2.31 E+01 2.81 E+01 4.80E+01 2.81 E+01 mg/kg 95% Student's-t UCL t. 

Cobalt mg/kg 1.09E+01 1.22E+01 1.50E+01 1.22E+01 mg/kg 95% Student's-t UCL t. 

Cyanide mg/kg 1.07E+00 NC 2.40E+00 2.40E+00 mg/kg Maximum t. 

Iron mg/kg 2.75E+04 3.03E+04 3.70E+04 3.03E+04 mg/kg 95% Student's-t UCL t. 

Manganese mg/kg 9.77E+02 1.14E+03 1.60E+03 1.14E+03 mg/kg 95% Student's-t UCL t. 

Thallium mg/kg 2.02E+00 NC 1.10E+00 1.10E+00 mg/kg Maximum t. 

NC = Not calculated. 

' If nondetects are present for a COPC. the average concentration is derived using ProUCL estimation methods (i.e.. regression on order [ROS] and Kaplan-Meier [KM]). 
These estimations are then used in order to calculate an appropriate UCL. 

' Maximum detected concentration used as the EPC in instances where total samples were less than or equal to 8 and/or there were less than 4 detects. If the sample 
size was sufficient, the ProUCL recommendation was used. 
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Table 14R 
Exposure Point Concentration Summary - Total Soil 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

Scenario Timeframe'. Current/Future 

Medium: Soil 

Exposure Medium: Total soil 

Exposure contaminant of Units Average 95% UCL Maximum Exposure Point Concentration 

Point Potentiai Concern Conc^ Cone Vaiue Units Statistic Rationale 

On-Site Benzo(a)anthracene mg/kg 1.24E-01 NC 8.10E-02 8.10E-02 mg/kg Maximum t. 

Benzo(a)pyrene mg/kg 1.25E-01 NC 9.10E-02 9.10E-02 mg/kg Maximum '• 
Benzo(P)fluoranthene mg/kg 1.34E-01 NC 1.00E-01 1.00E-01 mg/kg Maximum t. 

Benzo(K)fluoranthene mg/kg 1.26E-01 NC 9.10E-02 9.10E-02 mg/kg Maximum t. 

Chrysefie mg/kg 1.31E-01 NC 1.00E-01 1.00E-01 mg/kg Maximum t. 

Indeno (1.2.3-cd) pyrene mg/kg 1.18E-01 NC 6.90E-02 6.90E-02 mg/kg Maximum t. 

2.3.7.8-TCDDTEQ mg/kg 1.42E-05 NC 2.90E-05 2.90E-05 mg/kg Maximum t. 

PCB-1232 mg/kg 8.01 E-02 NC 5.40E-01 5.40E-01 mg/kg Maximum t. 

Aluminum mg/kg 2.90E+04 3.26E+04 1.20E+05 3.26E+04 mg/kg 95% H-UCL t. 

Arsenic mg/kg 1.57E+01 1.72E+01 3.60E+01 1.72E+01 mg/kg 95% Student's-t UCL t. 

Chromium mg/kg 3.32E+01 3.70E+01 8.40E+01 3.70E+01 mg/kg 95% Approximate Gamma UCL t. 

Cobalt mg/kg 1.55E+01 1.75E+01 4.10E+01 1.75E+01 mg/kg 95% Student's-t UCL t. 

Copper mg/kg 1.42E+02 3.48E+02 1.90E+03 3.48E+02 mg/kg 95% Chebyshev (Mean. Sd) UCL t. 

Iron mg/kg 3.63E+04 3.92E+04 9.20E+04 3.92E+04 mg/kg 95% Student's-t UCL t. 

Manganese mg/kg 1.16E+03 1.39E+03 4.40E+03 1.39E+03 mg/kg 95% Approximate Gamma UCL t. 

Thallium mg/kg 2.55E+00 NC 6.30E-01 6.30E-01 mg/kg Maximum t. 

Vanadium mg/kg 3.66E+01 3.92E+01 6.40E+01 3.92E+01 mg/kg 95% Approximate Gamma UCL t. 

Zinc mg/kg 2.65E+02 6.32E+02 4.20E+03 6.32E+02 mg/kg 95% Chebyshev (Mean. Sd) UCL t. 

Flenniken Benzo(a)anthracene mg/kg 1.31E-01 NC 5.10E-02 5.10E-02 mg/kg Maximum t. 

Branch Benzo(a)pyrene mg/kg 1.38E-01 NC 1.00E-01 1.00E-01 mg/kg Maximum t. 

Benzo(b)fluoranthene mg/kg 1.40E-01 NC 1.10E-01 1.10E-01 mg/kg Maximum t. 

Benzo(K)fluoranthene mg/kg 1.39E-01 NC 1.00E-01 1.00E-01 mg/kg Maximum t. 

Chrysene mg/kg 1.37E-01 NC 9.60E-02 9.60E-02 mg/kg Maximum t. 

2.3.7.8-TCDDTEQ mg/kg 5.84E-06 NC 9.90E-06 9.90E-06 mg/kg Maximum t. 

Aluminum mg/kg 1.16E+04 1.39E+04 1.80E+04 1.39E+04 mg/kg 95% Student's-t UCL t. 

Arsenic mg/kg 8.58E+00 1.02E+01 1.50E+01 1.02E+01 mg/kg 95% Student's-t UCL t. 

Chromium mg/kg 2.31 E+01 2.81 E+01 4.80E+01 2.81 E+01 mg/kg 95% Student's-t UCL t. 

Cobalt mg/kg 1.09E+01 1.22E+01 1.50E+01 1.22E+01 mg/kg 95% Student's-t UCL t. 

Cyanide mg/kg 1.07E+00 NC 2.40E+00 2.40E+00 mg/kg Maximum t. 

Iron mg/kg 2.75E+04 3.03E+04 3.70E+04 3.03E+04 mg/kg 95% Student's-t UCL t. 

Manganese mg/kg 9.77E+02 1.14E+03 1.60E+03 1.14E+03 mg/kg 95% Student's-t UCL t. 

Thallium mg/kg 2.02E+00 NC 1.10E+00 1.10E+00 mg/kg Maximum t. 

NC = Not calculated. 

' If nondetects are present for a COPC. the average concentration Is derived using ProUCL estimation methods (I.e.. regression on order [ROS] and Kaplan-Meier [KM]). 
These estimations are then used In order to calculate an appropriate UCL. 

' Maximum detected concentration used as the EPC In Instances where total samples were less than or equal to 8 and/or there were less than 4 detects. If the sample 
size was sufficient, the ProUCL recommendation was used. 
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Table 15 
Exposure Point Concentration Summary - Groundwater 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

Exposure Point Conteminent of 
Potontiel Concern 
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Table 15 
Exposure Point Concentration Summary - Groundwater 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 
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Table 16 
Exposure Point Concentration Summary - Fish Tissue 

Smokey Mountain Smelters 
Knoxville, Tennessee 

Exposure Point Contemlnentof 
Potential Concern 

Average 
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Table 17 
Exposure Point Concentration Summary - Soil Gas 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

Exposure Point Contemlnent of 
Potential Concern 

Average 

Concentration' 
Maximum 

Concentration 

Exposure Point Concentration 
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Table 18 
Soil ConlacI Exposure Parameters - On-Slle Worker 

Smokey Mountain Smelters 
Kiioxville. Tennessee 

FI,1E FI.IE I'TC ''TC 

F -('i-r F'"('iiJ sU-ti Exi"i;iu- F'-itil F'srstii-i-r F'ljijii-i-i C'-iiiuU"!! 1 l|Ul.' "3I11- F 3U-II d-, • • diN F 3U"li dik liiNki- E'|IF3U"II '•••" F -I'-l-lM - F i-i'-ii-ii' - lldii' 

'.'ti . ii- "tk-r •-..fiiJl . lUtr - . "i! EF''- EJ('".'IU- F'"iiii' "iM -iiU 3U"ii iii,:F:,: 1 i.iF'i . I'-' III' ,'"T3l'l- 1.' 1 |,|F'| . I'l-'iii' ,'"T3l'l' 1,' 1 (U"iu' 'lul'; iiiNk''1 In: "V::'I3'.'' = 

IF,' l/i.;'.'U"ri F 3i'"i','"il III.; .I3;.' Mill Ef'.-., JIN EF'.-., JIN Ef'' X IF.' X ''F xFI X L-.Fx EF X EE' X 1 f.J X 1 .-.T 

Fl Frj'ii-ri lri.;'.'i''l iiiuU-.'.' 1 Ef'.-., I'J.'J II-- F'i"i*-,','i"i.iJ jii'ljiiii'iii 

EE FI-')U-II' '; •13;.'.' ;.'-3i --II Ef'.-., JIN 1 J- F'i"i*-,','i"i.iJ jii'ljiiii'iii 

EC' C'IU 3U"II y-u.' Ef'.-., JIN 1: F'i"i*-,','i"i.iJ jii'ljiiii'iii 

•'F ''"r,','-..l"r,F = .1"r k.; III.; III. 1 iful I'-fi'-'i-i.'i-ri F3'1"r III' iiruli'"ri'-''r,l"ri F3' l-r 

e.'.v k.; .11 Ef.-., JIN .11 EF'.-., JIN 

.-.T •' •1 ..-.-.-II Ef.-., I'J.'J .,-,-,-11 EF'.-., MJ-'J 

.-.T IF' Tuii'.IF.r, '' = r,"r. ,3 EE' X .l3y.'j.'-d EC' X ,i3y,',y'iu 

C'-lTlLiJ ' I Oti /ii- '••'i.rk-r •-..fiiJl /lufr - /"il EF''- EJ('".'IU- F'"iiii' '"iM -iiU 3U"ii iii.;F:.; I'vF'i' .'i'-' III' ,'"T3M- 1.' '''jf'' .'l"-'!!'!' ,'"T3l'l' 1,' C''^Tii.iJl';•"ii"''l CIn: 1:: 'I3';' = 

EJI'".'-'! ,'Faii ,'un'3' - .-.1-3 • III' .13;.' Ef.-., JIN EF'.-., JIN Ef'' X ''F X.'.-. X .-.F X .-.E.'x EFx EC' X 1 f.J X 1 .-.T 

.-.F .'"il I" .'Fail .-.'Ui-i-ii' - F3'1"I III.; .,ii' II 1: Ef.-., JIN iiii: EF'.-., JIIM 

.-.b: C'-lTl.3l F.'"l'['U"li F3'1"I illuU-.'.' I'vF'i' .'i'-' III' Ef.-., JIIM '''jf'' .'l"-'!!'!' EF'.-., JIIM 

EE EJ('".IJI- FI-')U-II' '; •l3y.' y-3i --II Ef.-., JIN 1 J- F'i"i*-,','i"i.iJ jii'ljiiii'iii 

EC' EJ('".IJI- C'IU 3U"ii y-u.' Ef.-., JIN 1: F'i"i*-,','i"i.iJ jii'ljiiii'iii 

•'F |'"r,'.'-..l"r,F3'1"r k.; III.; III. 1 iful I'-fi'-'i-i.'i-ri F3'1"r III' 1 1 lUl 1 '"ll'-'''l,1"ll F 3' l"l 

b- k.; .11 Ef.-., JIN .11 EF'.-., JIN 

.-.T •' .-.'.'-r3,:ir„: Tuii-ii'ui' T •1 ..-.-.-II Ef.-., I'J-'J .,-,-,-11 EF'.-., MJ-'J 

.-.T IF' .-.'.'-r3,:ir„: Tuii-ill-r, |'3ri"r' ,3 EE' X .l3y,'j.''d EC' X ,i3y,',y'iu 

ljikiJ3U"ri Oti /ii- '••'i.rk-r •-..fiiJl F'ijij''iJji-' '••jjUk; EF''- EJ('".'IU- F'"iiii' '"iM -iiU 3U"ii iii.;F:.; I'vF'i' .'i'-' III' ,'"T3M' 1,' '''jf'' .'l"-'!!'!' ,'"T3l'l' 1,' 
3:'' C' uk;' '"iM ''iiir3U"ii' u : II'M = 

F -l-s;-') tr-ni /ijtfr - /"il F'EF C'ljaj'-iJ 3i- Eiiu.'.'i"ii F3'1"I ii"iii .'"II iii'k.; •- "E-ii'j E 3,''''l "Il 1 '1111.31'' I-ll- • • 1 •- -E'li'J b ,.-''1 "Il |'lirii3l'' E'lii' • '1 
X ETx EFx EC' x''F:' .-.T 

"F • '"1 3Ujil3U"ll F3' l"l iii'k.; I'vF'i' ,'1'" Hi' Ef.-., Jl|,'3 '''jf'' .'l"-'!!'!' EF'.-., :ii|,.3 

' 'N-IIU' 3I ' '"iM -llU 3U"ll III .-.II M.; Ill i'3l''lJ3l-'l Ef.-., Jiii: ''ll' l|J3l'''l EF'.-., JIII: 
'.;1i''|i-

FT EJ('".'IU- TIIII- Ii"iu.',.l3y Ef.-., JIN A F'l"t*-,','l"li.iJ |i|'ljTli''lil 'M.; rii'' = 'EF'''fEF'X ''F,. 

EE EJ('".III- FI-')||-II' '; •l3y.' y-3i --II Ef.-., JIN 1 J- F'l"t*-,','l"li.iJ |I|'|JT||''I|1 
"1 

EC' EJ('".1|I- C'IU 3U"li y-u.' Ef.-., JIN 1: F'l"t*-,','l"li.iJ |I|'|JT||''I|1 'M.; rii'' = 'EF'''-'F' x''F,. 

•'F: |'"ir.'-..i"iiF3'i"i : II IM: 1 iful |'"ri'-'T,'i"ri F3'1"r II IN: 1 1 lul 1 '"ll'-'''l,1"ll F 3' l"l 

•'F.. |'"ir.'-..i"iiF3'i"i .' M.; III.; 1 iful |'"ri'-'T,'i"ri F3'1"r 1 1 lul 1 '"ll'-'''l,1"ll F 3' l"l 

.-.T •' .-.'.'-r3,:iii,: Tuii-ii'iii' T ..-.-.-II Ef.-., I'J-'J EF'.-., MJ-'J 

.-.T IF' .-.'.'-r3,:iii,: Tuii-i|l"ii i'3ii"i' •IF.'.' ,3 EE' X .l3y,'j.''i/ EC' X ,i3y,',y'd 
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Table 19 
GroiiiulHaler Exposure Parameters - On-Sile Worker 

Smokes' Mountain Smelters 
Kiioxville. Tennessee 

F "iji- F-. -i.i-r F'"('iiJjU"ri F'jrjiii-i-i F'lj 3111-1-1 C'-tiiuU"!! 1 iriil; 

FI,1E FI,1E 

F jU-lkd-

F -

I'TE 

du-

I'TE 

F jU-lkd-

F -
liiijk- E'|iX3U"ii 

1,1."I'J lldii' 

Oti /ii- '••'••rk-r .-..lijJl T 3(' 3I-1 Ef'' EKI'".IU- F'"llil ' '"IM -lilTjU-li M.:L I'vF'i' .'I'" ill' ,'"T=i.|' I' I'jF'J .-['''iri' ,'"T=i.|' I' I'ld-ru. .luly ir,i = k'.i'C'l " rii.: f.; 'Uy • = 

F ji- L'l.y Ef'.-., JIN EF'.-., JIN EF'i' X f-J X I'F X Fl X EF xEC' X 1 Bi.J X 1 .-.T 

El Ffj' u-fi luuU-;; 1 Ef'.-., ||J-|J F'I"N.'.1"I| d liJ'lJTIi'^il 

EF EKI'".IU- FI-')U-IM-; .|=y;y-3, Ef'.-., JIN 1 J" F'l"N.'.1"li d liJ'lJTIi'^il 

EC' EKI'".IU- ['urjU-ii y-ii; Ef'.-., JIN 1: F'l"N.'.1"li d liJ'lJTIi'^il 

'T F=. I'.f II'" M"? 11.' 1 iful I'-rr-'T.'i-ri Fj't-r II.. iir,ili'"r,'-''r.'i"r, F=.1"r 

k.; Ef.-., JIN EF'.-., JIN 

•U-/: Ef.-., I'J-'J ..-.-.-II EF'.-., I'J-'J 

•U-/: ,3 EE' X .1=V'u -i,.'-|| EC' X .1=;,'.' ;,''=r 
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Table 20 
Indoor Air Exposure Parameters - On-Sile Worker 

Smokey Mountain Smelters 
Knoxville. Tennessee 

Ex(".;iu- F."UI- F.'. 'I'l-r F-i'iJ m-fi F'i ijii-i-i F'i ijii-i-i C'-LnuU"!! 1 ifui; 

F.ME 

•.•Ju-

F.ME 

F.m.niJ-' 

F.-t-l-lM -

CTE 

F'lJu-

'FTE 

F. jO-fi J-' 

F.-t-l-lM -

IfiiiF:- E'liJUi-fi' 

M-'l-l lUii-

Ifiliil lU-fi 'I'll ,'ii' .-••lull lr,.|....r .-jr c.-. CE'F'C .-ji C"iM -iiU aJi"ii M.-'Ui iFj, ijj ii-,| ,'".-4.|.-n.|ix 'F iF J. ijJ ,i-.| .'".-•I'l-ri'lix 'F .-.'-'-1 34- C' i 1" -liU 3IJ"I| ' u 4'lli ' = 

'FF C"i,-o:i"i, F=.i..r 'I'lIU ll r. ''J E 1 iful 'F-ri'-'-i.-nni Fj'l'U r. ''JE 1 iful 'F"ri'-'-i.-i"ri F » l-r .'F,-, X ETx EFx EC'X 'FF-.-.T 

ET Exi'";iu- Tun- li-ur/nlf EF'.-_ _iiN 4 F'l" ij iU')4iii-iiI 

EE Exi'";iu- FI-')U-IM •• -•11 EF'.-_ _iiN 1 _• EF'.-_ _iiN 

EC' Exi'".-iu- C'lu m-fi "'u; _• EF'.-_ _iiN l_ FT"ij iU')4iii-iii 

-T,. .-.•x-.=.ln.-Tni,-n:'i,.-r. •If.' .',"11 EF'.-_ I''-'' .',"11 EF'.-_ I''-'' 

•If.' EC'X .n.' .1,••:•••'! EC' X .n.' 
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Table 21 
Soil Conlaci Exposure Parameters - Trespasser 

Smokey Mountain Smelters 
Kiioxville. Tennessee 

FI,1E FI,1E I'TE I'TE 

F "iji- F-. -i.i-r F'-i'iiijU-ti Exi"i;iu- F'-itii F'srstii-i-r F'ljijii-i-i C'-iiiuU"!! 1 l|Ul.' "3I11- F 3U..11.1J- "3I11- F 3U..|l.3i-- liiNk- E.|IF3U..II '•••" F -t'-i-ii. - F -i*-i-ii. - 1,1".I-I Niiii-

-til . lutj' - . "i! EF''- EJ('".'IU- F'"iiii' "iM -iiU 3U"ii inyF:,; 1 i.iF'i . I'-' III' ,'"T3i.|- 1.. 1 i.ifi . |.-. III. ,'"T3M- !.. 1 tu'.iu. .) ul',' milk-. In: "V:: .) 3'.'. = 

i" Uij..ij;h 1y-ij;. IF,' l/i.;'.'U"ri F 3i'"i','"il III.; .I3;.' Mill Ef'.-., JIN Ef.-., JIN :F'I' X r.'x .'Fx Fl X l.-.F X EF xEC' X 1 E'.J X 1 .-.T 

Fl Frj'ii-ri lri.;'.'i''l iiiuU-.'.' 1 F'|.. t'-.'.'|..|l.3l |l|.|.-|ll-lll II-- F'i..i*-.'.'i..ii.3i |ij.l:iii-iii 

EE FI-')U-II' '; •13;.'.' ;.'-3i MM F'|.. t'-.'.'|..|l.3l |l|.|.-|ll-lll F'i..i*-.'.'i..ii.3i |ij.l:iii-iii 

EC' C'IU 3U"II y-u.' 1II i'3|.'l|J3l-.| l.3.'-.| ..fl 3.1..I-.'. -111'.' 3.;- 1II i'3|.'ljJ3l-.| l.3.'-.| ..|| 3.1..I-.'. -Ill': 3.;-

•'F ''"r,','-..l"r,F = .1"r k.; III.; III. 1 iful |'..ri'-'-i.'i..ri F3.1..r III. 1 l|Ul i'..|l'-'-l.'|..|l F3.'1..I 

e.'.v E-'ly -'a.;!,! k.; A' Ef'.-., Jill- -1- Ef.-., Jill-

.-.T •' Tui,'.''u,. T •1 ..-.-.-II Ef'.-., I'J.'J ..--II Ef.-., I'-i-'-i 

.-.T IF' Tuii'.IF.r, '' = r,"r. .'.l.-ll EE' X .i3y.',y-u ...l.-ll EE' X .i3y.'-y-iu 

[•-fill d ' -til /lufj' - /"ll EF''- EJ('".'IU- F'"iiii' '"iM -iiU 3U"ii iii.;F:.; I'vF'i' .'i'-' III' ,'"T3M- 1.' I'jfi' .'|.-. III. ,'"T3M- !.' C'-111111 1'.' .-.i..'..ii.-.l CIn: "V:: .I3'.'. = 

i" Uij..ij;h 1y-ij;. EJI'".'-'! ,'Faii ,'un'3' - .-.1-3 • III' .13;.' Ef.-., JIIM Ef.-., JIIM :F'I' X I'F X,'.-. X .-.F X .-.E.'x EFx EC' X 1 E'.J X 1 

.-.F .'"il I" .'Fail .-.'Ui-i-ii' - F3'1"I III.; .,ii' II II- Ef.-., JIIM Ef.-., JIIM 

.-.b: C'-lTl.3l F.'"l'['U"li F3'1"I illuU-.'.' I'vF'i' .'i'-' III' Ef.-., JIIM I'jfi' .'|.-. III. Ef.-., JIIM 

EE EJ('".IJI- FI-')U-II' '; •l3y.' y-3i MM F'l"t'-.'.'i..ii.3l |i|.|yiii-iii F'l"i*-.'.'i..ii.3i |ij.l:iii-iii 

EC' EJ('".IJI- C'IU 3U"ii y-u.' 1II i'3|.'l|J3l-.| l.3.'-.| "ll 3.I'll-.'. -111'.' 3.;- 1II i'3|.'ljJ3l-.| l.3.'-.| I'll 3.I'll-.'. -Ill': 3.;-

•'F |'"r,'.'-..l"r,F3'1"r k.; III.; III. 1 Iful |'..ri'-'-i.'i..ri F3.'l..r III. 1 l|Ul i'..|l'-'-l.'|..|l F3.'1..| 

b- E-'ly -'-i.;!,! k.; A' Ef.-., Jill- -1- Ef.-., Jill-

.-.T •' .-.'.'-r3,:ir„: Tuii-ii'ui' T •1 ..-.-.-II Ef.-., I'J-'J ..--II Ef.-., I'-i-'-i 

.-.T IF' .-.'.'-r3,:ir„: Tuii-ill-r, |'3ri"r' .'.l.-ll EE' X .i3y.'-y-iu ...l.-ll EE' X .i3y.'-y-iu 

lrjL3l3U"ri -til F'ljij'iiJji-' '••jjUk; EF''- EJ('".'IU- F'"iiii' '"iM -iiU 3U"ii iii.;F:.; I'vF'i' III. ,'"T3M- !.' I'jfi' .'|.-. III. ,'"T3M- !.' .-.'-'-13:- C'3il'.' 1 '..ii. -iiU 3U..11. u: iFi. = 

i" Uij..ij;h 1y-ij;. F -l-s;-') tr-rii /ijtfs' - /"il F'EF C'ljaj'-iJ 3i- Eiiu.'.'i"ii F3'1"I ii"iii .'"II iii'k.; •- "E-ii'j E 3.'-.| I'll 1 '1111.31- I'.ll- • • 1 •- "E-ii.j E 3.'-.| I'll 1 'I1II1.3I- I'.ll- • • 1 .1'.-. X FT X EF X EE' x |'F:..-.T 

"F • '"1 3Ujil3U"ll F3' l"l iii'k.; I'vF'i' Hi' Ef.-., Jl|.'3 I'jfi' .'|.-. III. Ef.-., :iil..3 

' 'N-IIU' 3I ' '"iM -llU 3U"ll III .-.II M.; Ill i'3|.''lJ3l-.| Ef.-., Jiii: |'3|.''JJ3I-.| Ef.-., JIII: 
'.Vtl-l-

FT EJ('".'IU- TIIII- Ii"iu.',.l3y A F'l"i'-.'.'i..i.3i |ij.|yiii-iii F'l"i*-.'.'i..ii.3i |ij.l:iii-iii 1'.-.'M: in'. = .EF'i'fEF. X I'F.. 

EE EJ('".III- FI-')||-II' '; •l3y.' y-3i MM F'l"i'-.'.'i..i.3i |ij.|yiii-iii F'l"i*-.'.'i..ii.3i |ij.l:iii-iii 
"1 

EC' EJ('".1|I- C'IU 3U"li '.'-ii,' 1II |'3l.'iJl3i-.| |.3.'-.| "fl 3.I'll-.'. -111'.' 3.;- 1 II i'3|.'ljJ3l-.| l.3.'-.| "ll 3.I'll-.'. -Ill': 3.;-

1'.-. 'M: in'. = .EF'i'"F. XI'F.. 

•'F: |'"ir.'-..i"iiF3'i"i : .l3y.'1i"iu II IM: 1 Iful |'..ri'-'-i.'i..ri F3.'l..r II IM: 1 l|Ul i'..|l'-'-l.'|..|l F3.'1..I 

•'F.. |'"ir.'-..i"iiF3'i"i .' M.; III.; 1 Iful |'..ri'-'-i.'i..ri F3.'l..r 1 l|Ul i'..|l'-'-l.'|..|l F3.'1..I 

.-.T •' .-.'.'-r3,:iii,: Tuii-ii'iii' T ..-.-.-II Ef.-., I'J-'J :-,-ii Ef.-., I'-I-'-I 

.-.T IF' .-.'.'-r3,:iii,: Tuii-i|l"ii i'3ii"i' •IF.'.' .'.l.-ll EE' X .i3y.',y-iu ...l.-ll EE' X .i3y.--y-iu 
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Table 22 
Soil ConlacI Exposure Parameters - Recreational I'ser 

Smokes' Mountain Smelters 
Kiioxville. Tennessee 

F "iji- F-. -i.i-r F'-I'IIJJU" F- Tl.. F'' F'srstii-i-r C'-tuuU" 

Ff.tE 

' ' iJije F sU-fkiJ-

F -f-l-lr 

F sU-fi d-

F -t-l-lr • 

filsk- E'l'lsU" 

HUI,' 

Exi"i.su- F'-Itil '^'tr -rilTsU" 

.TJ"II F jl- "f/"!! 

Ft 3' u-fi 

Exi"i.su-

Exi"i.su- [•ijr3U"ri 

•-•-r.v.n F3. I'.r 

B'My 

r3.:uu:Tin,-M^^„-i, 

r3.-Uu-Tin,-iH..n 

•T3t.|- I.. 

EF'.-., JIN 

F'r"t*-;;i"rLiJ lU'ljin-rii 

F'r"t*-;;i"rLiJ lU'ljin-rii 

d' iiJ3i-') ''3;-') "U y..i 

rul' '"riv-r.iiifi Fr l-r 

EF'.-., JIN 

EF'.-., 

« .l3V.v;-ij 

^jF''^ /(•-•itV •T3N- I.. 

F'r"N;;i"rLd lU'ljin-rii 

F'r"N;;i"rLd lU'ljin-rii 

F'r"N;;i"rLd lU'ljin-rii 

^d' iiJ3i-') ''3;-') "U y..i 

I rul' '"riv-r.iiifi Fr l-r 

EF'.-., JIN 

EF'.-., 

« .l3V.v;-ij 

..fu' 'luiy ifiNk-ifiu; V; .l3y • = 

T xFI X L-.Fx EF x EI' x I F''' 

Exi"i.su- F'-ifii -riir3U" 

.Tj-fi F 3I-

Fr3' u-fi lju;-;i-') 

u-ifiN/UfLd I 

Exi"i.su- Fr-')ii-rr-; 

Exi"i.su- [•ijr3U"ri 

•-•-r.v.f, F3. I'.r 

luuU-

lUuU-

•T3N- I.. 

EF'.-., JIN 

F'r"N;;i"rLd lU'ljin-rii 

F'r"N;;i"rLd lU'ljin-rii 

F'r"N;;i"rLd lU'ljin-rii 

JIN 

F3. l-r 

JIN 

EP 

^jp'^ /(•-•itV •T3 ..fu' 'luiy irii3k-iriu;F; .l3y' = 

T xFI X L-.Fx EF x EI' x I F'^' 

: Tin,-ill.. 

C'-f1ii d ' '"fiN't Exi"i.su- p-ifii -riir3U"r 

Exi".;-.! y^;J^| Jiut*3' - .-.r-3 

l" .Tar, .-.'Ui-r-rr - F3't" 

C'-jTikd Fy i-r 

Exi"i.su- Fr-')ii-rr-; 

Exi"i.su- [•ijr3U"ri 

•-•-r.v.fi F3. I'.r 

r3.:uu:Tirii-M^^„-i, 

r3.-Uu-Tirii-iH..ri '^UM-

•T3N- I.. 

EP.-., JIN 

EP.-., JIN 

EP.-., jiiij 

Pr"N;;i"rkd |ii')jrii-rii 

d' iiJ3i-') ''3;-') "fi y..i 

rul' '"ri'-'-r.i-ri Fy l-r 

EP.-., JIN 

EP.-., 

X ..n* .l3V.V';-ij 

^jp'^ /(•-•itV 

^jp'^ /(•-•itV 

•T3».|- I.. 

EP.-., JIN 

EP.-., JIIIJ 

EP.-., JIIIJ 

Pr"N;;i"rkd |ii')jrii-rii 

^d' iiJ3i-') '•3;-') "r, y..i 

I rul' '"riv-r.i-ri Fy l-r 

EP.-., JUJ 

EP.-., 

X ..n* .l3V.V';-ij 

C'-iTikdiy .-.'• j'rb-') 1 'Uy = 

,T x/.-. X .-.F X .-.B./x EFx EC' x I F-' > 

Exi"i.su- p"irii '^nr -riir3U"r 

Exi".;-.! y^;J^| Jiut*3' - .-.r-3 

I" .Tjr, .-.'Ui-r-rr - F3't" 

C'-iTikd .-.b;"ri'U"ri Fy i-r 

Exi"i.su- Fr-')ii-rr-; 

Exi"i.su- [•ijr3U"ri 

•-•-r.v.n F3. I'.r 

•T3 

jijj 

jiiiij 

jiiiij 

Pr"N;;i"rkd |ii')jrii-rii 

jijJ 

^.rl•-•-r.v.rl F3. l-r 

jijJ 

EP 

^jp'^ /(•-•itV 

^jp'^ /(•-•itV 

•T3N- I.. 

EP.-., JUJ 

EP.-., JIIIJ 

EP.-., JIIIJ 

Pr"N;;i"rkd iiiUjrii-rii 

Pr..tV;; 

C'-iTikdlv J'rb-U rn;' •I3V • = 

,T x/.-. X .-.F X .-.B/x EFx EC' x I F'^u > 

I rul' "ri'-'-i 

EP.-., JUJ 

EP.-., 

••Tii-ril 

F3. I'.r 
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Table 22 
Soil ConlacI Exposure Parameters - Recreational I'ser 

Smokes' Mountain Smelters 
Kiioxville. Tennessee 

F "iji- F-. -i.i-r F'-I'IIJJU" F- Tl.. EJ(" F'srstii-i-r C'-tuuU" 

Ff.tE 

' ' iJije F sU-fkiJ-

F -f-l-lr 

F sU-fi d-

F -t-l-lr • 

ilsk- E'l'lsU" 

HUI,' 

F'jfij' 11J3I-' 

F -J-j.--') D-ni 

Exi"i.su- F'-ltil '^'tr -riUsU-ti 

F'stlj' 11J3I- Enu/.i-ti Fs't-r tr-

13Ulii;3U"ri Fs't-r 

-llil' d ' ^'tr -JilTsU-ri Ifi .-.It 

Ml-

jF''^ /(•-•itV 

'^d' iiJji-') 

F'jtij' 11J3I-' '••jjUi-

F -J-j.--') D-ni /lufj' -

ET EKI"..-IU- Tun-

EE EKI"..-IU- F|-')U-II 

EE' EKI"..-IU- ['urjU"! 

'T: ' '••iiv-r.i..ri F3' l"i 

'T.. ' '••iiv-r.i..ri F3' l"i 

.-.T •' .-.v-.3,:u,,:Tni,-. 

.-.T IF' .-••-•-13.;HI.; Tnii-i 

EF''- EKIIII.IU- F'l.jlil ' '• 

F'EF F'3iiji iiJ 3I- Eiiu;."i 

•'F • • "13Ulii:3Uiiii F3I1 

•T,i 

B 3;-.) . 

EF'.-., J1I..3 

EF'.-., J III: 

F't-f-.'/i-rkd |ii'):^ii-ril 

F't-f-.'/i-rkd |ii'):^ii-ril 

d' iiJ3l-') 'M.--') "U y..i 

rul' '"riv-r.iiifi Fr l-r 

rul' '"riv-r.iiifi Fr l-r 

EF'.-., 

« .l3V.v;-ij 

^OP'^ /(•-•itV 

Ml-

•T3I 

B 3;-.) . 

EP.-., JU.M 

EP.-., J III: 

Pr"t*-;;i"rLd lU'l^^n-rii 

Pr"t*-;;i"rLd lU'l^^n-rii 

^d' iiJ3i-') 'M.--') "ii y..i 

I rul' '"riv-r.iiifi Fr l-r 

I rul' '"ri'-'-r.i-ri Fr l-r 

EP.-., 

« .l3V.v;-ij 

• -riir3U"ri 

, F3.T.r IT.. 

•T3 

'h-llil' d ' '-rr -liir3U" 

jp'^ /(•-•itv 

'^d' l|J3l-'1 

ET Exi'iniu- Tllli-

EE Exi'iniu- F|-|)I|-I| 

EE' Exi'iniu- [•iir3Uiii 

I'F: ''••iiv-r.i..ri F3' I'll 

I'F.. ' '••iiv-r.i..ri F3' I'll 

.-.T 1' .-.v-.3,:ni,:Tnii-. 

-.T IF' .-••-•-13.;Hi.; Tnii-i 

^OP'^ /(•-•itV 

^OP'^ /(•-•itV 

Ml-

.•/i-rkd |ii'):^ii-rii 

;;i"rkd lU'l^^n-rii 

jijj 

^.r,•-•-r.v.r, F3. l-r 

^.r,•-•-r.v.r, F3. l-r 

•T3I 

B 3;-.) . 

EP.-., JU.M 

EP.-., J III: 

Pr"t*-;;i"rkd lU'l^^n-rii 

Pr"t*-;;i"rkd lU'l^^n-rii 

Pr"t*-;;i"rkd lU'l^^n-rii 

EP.-., 

« [• u!',' I ^irr -riir3U"ri > y riM 

X ETx EFx EC' x'T:. .-.T 

« [• ul'; I ^irr -riir3U"ri > y riM 

X ETx EFx EC' x'T:. .-.T 

'.^ti-r-

iy.; ri^ = iEP'^fEF.x 'T.. 

iy.; ri, . = iEP'^"F. x'T.. 
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Table 23 
Soil ConlacI Exposure Parameters - Construction I'tillty Worker 

Smokey Mountain Smelters 
Kiioxville. Tennessee 

Exi"i.iu- F "iji- F-. -i.i-r F'"('iiJjU" F'srstii-i-r C'-tuuU" F sU-tkiJ-

F -f-l-lr 

F sU-ti d-

F -t-l-lr • 

IfiiiF:- E'liijU-ti 

luhiv '••'••rk-r Epi' EJIIII.'IUI- F'lillil ' I 

IF,' lii:'.-UiHi F 3i'iii' 

Fl Fr3i'iiiHi lii:'.-i'i| 

EF EJIIII.HIII- Fl-ijil-li 

EC' EJIIII.HIII- [HU 3UIH 

I'F |'.HI','-..1..|IF3I1IH 

E'.p 

.-.T 1' .-.•,''r3,:Hii: Tuii'i 

.-.T III' .-.•,''r3,:Hii: Tuii'i) 

Epi' EJIIII.'IUI- F'lillil ' 

ijtuU-; 

•I,';; 

EP'.-., , 

EP.-., I 

EP'.-., , 

Pr-t-; 

I IfUl 

EP'.-., , 

EP'.-., I 

"tu' 'Isilv ifitsk- I rn;' TsV • = 

T X Fl X l.-.F X EFx EC' X I I'-' 

"tLsl iU');'ni-iil 

n'-'^;i..nF,.T.r ..n FrT.f 

C'-lTiLsl ' '"tilr I 

EJ(" 

/..il 

C'-lTiLsl ; 

Ej('"."'jr' 

Ej('"."'jr' 

• -iiU sU-r 

/kati /urfs' - .-.r-3 

kati .-.'Ui-l-lr - Fs't" 

(•.•••ri'U-ri Fj't-r 

Fr-')ij-ir •; 

C'lU sU-ti 

.nF,.T.r 

' Tun-'H.. 

ijtuU-; 

v.p.' ,>< 

v.p.' ,>< 

Ef:-.,. 

Ef:-.,. 

Ef:-.,. 

Ef:-.,. 

Pr-rP; 

I ifui '• 

Ef:-., . 

Ef:-., I 

'E'pp 

'E'pp 

••I.3I lU'l^-lli-lil 

r,vr.;i..r, F = .1..r 

•T=i.|' N 

EP.-., JIN 

EP.-., JIIN 

EP.-., JIIN 

F'l"tP.*.1"li d |i 

F'l"tP.*.1"li d |i 

I ifiil J-riv^r.-i 

EP.-., JIN 

EP.-., PJ-'J 

[•-iTi.dl'; .-.'•.•••ii'-'l [•••.*-1 III.: P:.: 'Ij'; • = 

I'Fx X .-.F x.-.E,' X EF X EE' X I f.J : 

• I.:TII-III 

• I.:TII-III 

• n F=.i..r 

i.Tjiiiliiiri'' luhlv '.PiirkT Pdiii'iJii',' '••LjUI-

F'|I-3.-'|| lliifll T-ljl . 

EJ(|||.*IU 

P diii'iJ 

' F'-iiii I J.ii. i^iU jU'i 

1' Ejiu.-.-iiifi Fjiiiif 

jU-ii F31 i-i 

I ' J|||| -llU 3Uii|l III .-

vipj 

jpi' Hi 

''3|.l|J3l'i| 

FT EJIIII.'IUI- TIIII-

EF EJIIII.HIII- Fl-ijil-li 

EC' EJIIII.HIII- C'IU 3U1H 

I'F: |'IHI','-..1II|IF3I1IH 

I'F.i |'IHI','-..1II|IF3I1IH 

.-.T 1' .-.',''r3,:Hii: TUII'I 

-.T III' .-.',''r3,:Hii: TUII'I) 

'jpJ 

'jpJ 

• •11.3I |iiil:iii-iii 

nxn.'i..iiF3iiiii 

nxn.'i..iiF3iiiii 

•T3N' N 

b 3.-'i| I'll 'I111 

EP.-., Ji|..3 

EP.-., jiii: 

F'||||P.*.1|||| d |I 

F'||||P.*.1|||| d |I 

F'||||P.*.1|||| d |I 

• I.:TII-I 

• I.:TII-I 

• I.:TII-I 

HI F3I1 

HI F3I1 

'3:- CHU'I JIHM -iiU 3UiHi I u: 111 I 

'.-. xETx EF xEC' x 'Tj .-.T 

'.-. IM: III'I =iEpi'PEF.x I'F.. 

'.-. IM: III • = iEpi'-T.x I'F.. 
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Table 24 
Soil ConlacI Exposure Parameters - Hypothetical Future Resident 

Smokey Mountain Smelters 
Kiioxville. Tennessee 

FI,1E FJ,1E I'TE I'TE 

F -I'l-r F'"('iiJ sU-ti F'lj ijii-i-i F'jrjiii-i-i C'-niuU..!. 1 Iful.' "ilU- F 3U..I.3I- "3I11' F 3U..1.3I-, Iniik' E'|ii3U"ii 

F -i'^-ii. - F -I'^-lM - l,1"'l'l Hiiii' 

T..ijl ,'..il EF'.' EJ(....'.U- F'..iiii. '..ii. -iiU 3U..11 n, I'.yF'.' .'1.-. 111. ,'"T=i.|- N i'vF'i' .'I'-' ill' .'"T3I.I' N ''IU"iu' 'liily iniik'i I'C'I " my'Viy .13;.'' = 

j.li.j.'i'.l .-..il I'j. i..r ri.,: y-uF:.: .1=;.' Ill' .'J. .Uii'.l .'3|.''U3l'.| Efi' X IF.'.„x I'F X Fl X EFx 1 .-.T,. 

El Fr3.'ii..ri lri.;'.-i'.| .JluU-,',' 1 EF'.-., I'J-'J 11 •- F'|.. l'-.'.'n.|.3l |i|.lyin.-lil '.I'li-i-

EF EJ(....IJI- Fi-.j.j-ii. '; .1=;.'.' y-ii EF'.-., JIN .'•-n Ef'.-., Jiny [F.'., = | f-' xEC' X 1 B'.J . x. IF.'. X EE'. X 1 B'-J.. 

EE' EJ(....IJI- C'.U 3U..11 . tul.| y-ir.' EF'.-., JIN Ef'.-., Jiny 

EC'. EJ(....IJI- C'.U 3U..11 3.|.]Ji y-ir.' yn EF'.-., JIN F'|.. l'-.'.'n.|.3l |i|.lyin.-lil 

IF,' Ei.;'.-u..ri F ji'.. i','..il .JnFI n,.; .1=;,' Jill EF'.-., JIN Jill Ef'.-., JIN 

IF.'. Ei.;'.-u..ri F ji'.. i','..il j.l.jJi n,.; .1=;,' liiii EF'.-., JIN inn Ef'.-., JIN 

E'.>' E...I;.''.>'a.:l.i . lul.l ky 1' EF'.-., JIN I' Ef.-., JIN 

ky .11 EF'.-., JIN .11 Ef.-., JIN 

.'F .'..r,','-..l..r,F = .1..r ky n.y nn 1 1 lul . '..li'-'-l.!..!, F3. l..| nn 1 I|ul .'..Ii'-'n.'n.n F3.1..1 

.-.T,. .1 EF'.-., I'J-'J Ef.-., I'-i-'-i 

•'lul.l T..ijl ,'..il EF'.' EJ(....'.U- F'..iiii. '..ii. -iiU 3U..11 n.yky I'.yF'.' .'1.-. 111. .'"T3I.I- N I'vF'i' .'1". Hi. .'"T3I.I' N I'lu-nn 'liily inlik'i I'C'l " my'Viy .13;.'' = 

.11. IF,' Ei.;'.-u..ri F ji'.. i','..il n.y .1=;,' Jill EF'.-., JIN Jill Ef.-., JIN Efi' X IF.'x I'F X Fl X EF X EE' X 1 B-'.J X 1 .-.T,,.. 

Fl Fr3.'ii..ri lri.;'.-i'.| .jiuU-,',' 1 EF'.-., I'J-'J 11 •- F'l" l'-.'.'n.|.3l kl'lyin-lil 

EF EJ(....III- Fi-.j.j-ii. '; .1=;.'.' y-ii EF'.-., JIN .'•-n Ef.-., JIN 

EE' EJ(....III- C'.U 3U..11 y-ii.' EF'.-., JIN r. Ef.-., JIN 

.'F .'..r,','-..l..r,F = .1..r ky n.y nn 1 1 lul ' '••ll'-'-l.'l-ll F 3' l"l nr. 1 I|ul .'..Ii'-'n.'n.n F3.1..1 

E'.>' E...I;.' '.I'a.;!,! ky 1' EF'.-., JIN I' Ef.-., JIN 

Tui.'.|l..r, .' = r,.'f. .1 :J.J|| EC' X .l3y'.',y'-ii :,|.jn EE' X .l3y'.'j.''ii 

.-..I.JJl T..ijl ,'..il EF'.' EJ(....'.U- F'..iiii. '..ii. -iiU 3U..11 n.yky I'.yF'.' .'1.-. 111. .'"T3M- N •'•JF'.' .'k'. Hi. .'"T3I.I' N I'lu-nn 'liily inlik'i I'C'l " my Viy .13;.'' = 

.11..,.. IF,' Ei.;'.-u..ri F ji'.. i','..il n.y .1=;,' liiii EF'.-., JIN Ef.-., JIN Efi' X IF.'x I'F X Fl X EF X EE' X 1 B-'.J X 1 .-.T,,.-

Fl Fr3.'ii..ri lri.;'.-i'.| .jiuU-,',' 1 EF'.-., I'J-'J 11 •- F'l" l'-.'.'n.|.3l kl'lyin-lil 

EF EJ(....III- Fi-.j.j-ii. '; .1=;.'.' y-ii EF'.-., JIN ..•-n Ef.-., JIN 

EE' EJ(....III- C'.U 3U..11 y-ii.' yii EF'.-., JIN •r F'l" l'-.'.'n.|.3l kl'lyin-lil 

.'F .'..r,','-..l..r,F = .1..r ky n.y nn 11 lul' '••n'-''-i.'l"n F3' l"i nr. 1 I|ul .'"Ii'-'n.'n.n F3.1..1 

E'.>' ky .11 EF'.-., JIN .11 Ef.-., JIN 

Tui.'.|l..r, .' = r,.'f. .1 -,..nn EC' X .l3y'.',y'-ii EE' X .l3y'.'j.''ii 

C'-lTlLiJ ' I .'lul.l .-..l.jJl T..ijl ,'..il EF'.' EJ(....'.U- F'..iiii. '..ii. -iiU 3U..11 n.yky I'.yF'.' .'I.', ill. .'"T3M- N .'.jF'i' .'k'. Hi. .'"T3I.I' N ''IU"iu' 'liily miik'i I'C'l " my Viy .13;.'' = 

.'E.'., j.li.j.'i'.l .'Fur. . ..fiij. 1 I'j. i..r n.y y-uFy .1=;.' I'll' lU3l-'l •-11 .'3l.''U3ii-.| EF'i' X .'F.'.„x I'F X EF x .-.b: x 1 .-.T,. 

,'Furi ,'.ul'3. ' .-.I", '--ulji.l' l-r .'..r.lj. 1 .II,' .1=;,' y.n'uii EF'.-., JIN :,r.'in Ef.-., JIN '.I'li-i-

,'Furi ,'.ul'3. ' .-.I", '--ulji.l' l-r .'..r.lj. 1 .II,' .1=;,' n.ii..: EF'.-., JIN r.,n,.: Ef.-., JIN .'F.'^„ = * .-.F X EC' X 1 B-'.J 'X I.'.-.. X .-.F. xEC'. x 1 B-'-J,. 

.-.F ,'..il I.. ,'Fui. .-..Ui.-i.-ii. - Fj.-l..! . tul.| riiy.,11' EF'.-., JIN 11 IN Ef.-., JinJ 

•-F. ,'..il 1.. ,'Furi .-..Ui-i-ii. - Fi.1..r j.l.Ul riiy.,11' IIII- EF'.-., JIN Ef.-., JIIIJ 

EF EJ(....III- Fi-.j.j-ii. '; .1=;.'.' y-ii EF'.-., JIN ..•-n Ef.-., JIN 

EE' EJ(....III- C'.U 3U..I1 . tul.| y-ir.' EF'.-., JIN Ef.-., JIN 

EE'. EJ(....III- C'.U 3U..I1 j.UUl y-ir.' yii EF'.-., JIN •r F'l"i'-.'.'i"i.3l |ii'lyin-iii 

E'.>' E.,„|y'.I'n.-i.i , lul.l ky 1' EF'.-., JIN I'- Ef.-., JIN 

ky .11 EF'.-., JIN .11 Ef.-., JIN 

.-.T,. Tui.-..'il.. n. .1 EF'.-., I'J-'J Ef.-., I'-I-'-I 

.'F| .'..r,','-i.l..r,F = .1..r ky rny 1 iiE nr. 11 lul' '"n'-'-i.'l"n F3' l"i 1 iiE nr. 1 l|ul ''"li'-'-l.-n'li F3'1"I 

.-.E,' [•.-ITl.jl l..'..|'[.U..|i Fj.-l..! ijiuU-.'.' .'.yF'.' .'k-. 111. EF'.-., jiiM •'•JF'.' .'k'. Hi. Ef.-., JIIN 
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Table 24 
Soil ConlacI Exposure Parameters - Hypothetical Future Resident 

Smokey Mountain Smelters 
Kiioxville. Tennessee 

Ee\" F -I'l-r F'"('iiJ sU" F'srstii-i-r C'-tuuU" F sU-tLsl-

F -f-i-rr • 

F sU-tLsl-

F -f-i-rr • 

ItiiiF:- E'liijU-ti 

C'-lTlLiJ ' I 

I • "fiUriij-') • I • "tiUriij-') • 

EJ('";IU- F'-ltil ' ^'tr -liU sU-ti 

/lufv - .-.r-j '--ijijbi- i'l I 

/"il I" /kati .-.'Ui-i-ir - F3't"r 

Ej('"."'jr- Fr-')ij-ir v 

Ej('"."'jr- C'lu sU-ti 

B'My 

Tuii-'H..n -f. 

C'-iTiLsl b;"ri'U"ri Fs't-r 

v.p.' .y> •Of--;|.< 

v.p.' :r 

JIM 

JIM 

JIM 

JIM 

JIM 

Ef:-. 

Ef:-. 

Ef:-. 

Ef:-. 

Ef:-. 

• •ru. .luly iiilitMi ''[•! .1 .l=y. = 

.-.Fx I'Fx EF X EC'X .-.E,' x I fJ' x 

v.pj 

EJ('".*|]J- F'-iiii J..ii. -iiU jU-ii 

.Fail .'lui'j. ' .-.I", .-. •--uij.M Ml J-iiij. 1 

.J'II I" .Fail .-.'Ui-i-iM - F3'i"i 

EJI'-.IJII- FI-')||-1M •; 

EJI'-.IJII- C'IU JU-II 

v.pj v.pj 

.-.X'r=,jr„: Tui,'.|l..r, 'F 

[•-ITl.jl .-. Fj'l" 

|'..i,xr..i..i,F = .i..i 

iJluU-.*.* 

Ill" M"? 

v.pj 

JIM 

JIM 

JIM 

JIM 

JIM 

EP.-., Ji 

EP.-., Ji 

EP.-., JI 

Pr-r'i-.-

EP.-., JI 

EE' X 

..i,i. .luly iiiiip'. .'[•! .1 rnyP:.: .Fy. = 

.-.Fx .'Fx EF X EC'X .-.E,' x I EF' x 

Pijiji'jiji-' '••jjUi-; 

F -J-,;-.) tTi.ni Tuid 

E-Xfi'i/iU- pi'ltil ' ^'tr -liU sU" 

' ^'.'F''' .-.If ' '"fr eiiU sU'ifi 

jp'^ ih VP'I' .F" 

FT EJI-.-'IUI" Tun-

EF Ej(....in- Fi-.)ii-ii. 

EE' Ej(....in- C'IU jU-ii 

•T: |'..nx-..l.n,F = .1..r 

•T.. |'..nx-..l.n,F = .1..r 

F'EF F'UIJ.'Jj 3l- Eliu.'.'n. 

"F • •••!JUJIIJU-II Fj. n 

.-.T,. .-.x-r=yn„: Tim-n' 

.-.x-r=yn„: Tin,-.11 

.|=y.'1,..iii 

M" III" 

VP'i' 

J. Iljjl'.l 

EP.-., JIM 

EP.-., JIM 

EP.-., JIM 

Iful iF.liX'l 

EP.-., J|| 

EP.-., I'J-

F=. 1.. 

F=. 1.. 

iji' E-ii. 

VP'i' 

•T=i.|' M 

F'i..t''".*.*i..i.3l |i|.|yiii.^ii 

EP.-., JIM 

F'i..t''".*.*i..i.3l |i|.|yiii.^ii 

"•I ..ii ' Fiii.ji" I-ii-

EP.-., Ji|..= 

EP.-., I'J-'J 

X ,<•' .IjV.VV'U 

" [.jij.; ' '..iM .^lU jU-ii. yy iFi • = 

X FT X EF X EE' x |'F:..-.T 

'.-..MP III • = .EPi'PEF. X iT.. 

'.-..MP III • = .EPi'-'F.x I'F.. 
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Table 25 
GroiiiulHaler Exposure Parameters - Hypolhelical Future Resident 

Smokey Mountain Smelters 
Kiioxviiie. Tennessee 

Exi"i.iu- F "iji- F-. -id-r F'-I'IIJJU" F'ljijii-i-i C'-tuuU" 

FME 

' ' iJije F sU-fkiJ-

F -f-l-lr 

F sU-fkiJ-

F -f-l-lr 

IfiiiF:- E'liijU" 

HUM' 

T 3(' Sl-l 

T 3(' sl-l 

T 3(' sl-l 

Ee]" ' F'-ltil ' "tr -liU sD-fi 

j;i-d iru;-;U"ri rj't-

' C'lU sU-ti 'Jul') 

»C'lUjU-ti j'fiiJi 

I F ji- "f'-'ji-r • (uld 

I F ji- "f'-'ji-r j'fiiJi 

.Jul') 

»i;hl ,.)iiJl 

-n F,.J"r 

^OF''^ .V-'iii' v.p.' .y> 

EKI".;IU- F'"ilil ' ^'iM -liU jQ" 

F ji' ji'f 

Frj.-lj-ri lri.;'.T.| 

EKI".;IU- FI-')U-IM-; 

EKI".;IU- C'IU 3U"II 

''..r,vr.;i..r, F=.1..r 

e.,„iv • 

• Tin,'. II.. 

EKI...;.U- F'..iiii . ^.ii. iiU jU.. 

In.;'.-U..n F jl' ..|".>'3l'r 

Fij.-ii..!. ln.;'.T.| 

EKI...;.U- Fi'.j.i-i..-; 

EKI...;.U- C'.U 3U..11 

.'..nvr.;!..!, F=.1..r 

L .l=y 

L 

J! M 

J! M 

J! M 

J! M 

J! M 

J! M 

J! M 

'li/..ru. .l=ilyn,i = k'..'[T..11..l=y . = 

EF'.' X IF-'., X .'Fx El X EF X I .-.T,-

F'.n . = ,|F'.n x EE' x I B'-' .' .IF'-', x EE', x I B.'. 

M.:L 

L .l=y 

.iiuU-;. 

•U-;: 

'.xF'.' .i.'.iii. ,'"T=M' I 

EF'.-., JIN 

EF'.-., I'J-'J 

EF'.-., JIN 

EF'.-., JIN 

'.:.F'.' .y> •T = 

EE'.-.,: 

F'r..|''.-. 

EE'.-.,: 

EE'.-.,: 

I Iful .'. 

M.:L 

L .l=y 

.lluU',*. 

•U-;: 

'.xF'.' .i.'.iii. ,'"T=M' I 

EE.-., JIN 

EE.-., I'J-'J 

EE.-., JIN 

EE.-., JIN 

'.:.E.' .y> •T = 

EE'.-.,: 

Er..|''.-. 

EE'.-.,: 

Er-l"'.-. 

I iful 

3I |i|'lyiii-iil 

.nF = .1..r 

I'lif-ru. .l=ilynil,F:'"'[T.ini.;E:.; .l=y • = 

EF'i' X IF'-' X I'Fx El X EF x EC'X I B'-' x I .-. 

I'lif-ru. .l=ilynil,F:'"'[T.ini.;E:.; .l=y • = 

EF'i' X IF'-' X I'Fx Fl X EF x EC'X I B'-' x I .-. 
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Table 25 
GroiiiulHaler Exposure Parameters - Hypolhelical Future Resident 

Smokey Mountain Smelters 
Kiioxviiie. Tennessee 

Exi"i.iu- F "iji- F-. -id-r F'-I'IIJJU" EKI-.-'U'F'. F'ljijii-i-i C'-tiiuU" 

FJ,1E 

du- F jU-lkd-

F 

F jU-lkd-

F 

IfiiiF:' E'lmU" 
1,1...|'J lldii' 

[•-ITl.jl ' I T 3(. 3I-1 

T 3(. 3I-1 

>'lul' EjUufi.-

F> E'-'-iii 

.Tati • •fiij't t 

/Fati /'u t*3' - r-3 

/Fati /'u t*3' - r-3 

E'-'-iii Fr-')ij-rr-; lul'l 

E'-'-iii Fr-')ij-rr-; 

Exi'i'/iu - Fr-')ij-rr-, 

Exi'i'/iu - C'lU sU-ti 

Exi'i'/iu - C'lU sU-ti 

B.nly .Jul') 

B'My - -i^hi j'liiJi 

Tin,-.'^3 

-nd •;-3i • 111 .Ij'; 

'•-•niL.ljv 

'•-•niL.ljv 

•U-;: 

,11 

i.|iu;i-.| -.-.-111 .I'u3U..ii 

E-'-iii [•iir3U..ii .Jul.) 

E-'mi ['iirjU-ii j.liili 
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iiE n. 
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EF^.-., JIN 
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EF^.-., JIN 
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|'d.'Jl3i-.| 

EF^.-., JIN 

EF^.-., JIN 

EF^.-., jiiM 

EF^.-., jiiM 

,'"T3i.|- I 

EF^.-., jiiM 

EF^.-., jiiM 

EF^.-., jiiM 

ViRi' .-i-

A IJIIE-I 

I F3.1.. 

I F3.1.. 

_l.;..|l.-.| [•..;- F^-l E^--lil 

-Tdli -'iul'3. - .-.1-3 .-.•--3il3l.|- l'..| 1' 

E^--iil Fi-.)ij-ii.-; 

EKI...;IJJ- FI-.)IJ-II.-; 

EKI...;IJJ- [•IJJ 3U..|I 

'.F-i^lil 

.-.•-•-.3,;ni,; Tnn-iN..ii .'di. ->• 

Fi3.ii..iii..-..|i.-.| '.n3i-i 

[•-iTii d F^-iTn-3i.iiin;' ^.-iTni-iii 

' ~ti-liu. d ' F.||. -liU 3U..|i III 3I-1 

.'.^•-•-..•n.li F3.1..I 

.'.^•-•-..•n.li F3.1..I 

F 3U.. ••i'F^-iTn-3i.iiin; ' ^.-iTni-iii 

Tun- I.. F -3. Ji -T-3.F; -T3I-

L 3." Tun- F^-i E^--iii 

E^--iii [•ijr3U..ii 

-•-•-iiL.l3;; 

•l3^;.' •••-31 

M.:L 

III.; M.; 

-•-•-Ill 

-•-•-111 

iiE n, 

iiE n. 

,'"T3i.l- : 

EF^.-., JIN 

EF^.-., jiiM 

EF^.-., JIN 

EF^.-., JIN 

EF^.-., JIN 

E[^ X ,'••• .1 

EF^.-., jiiM 

EF^.-., jiiM 

EF^.-., jiiM 

EF^.-., jiiM 

EF^.-., jiiM 

EF^.-., JIN 

-T3i.|-

|.ijl3i-.| 

JIN 

JIN 

jnnj 

jnnj 

JIN 

JIN 

• l-.*.*n.|.3i jij.l.-ln-lil 

JIN 

JIN 

Ef.-., I'J-'J 

J3|.ljl3l-.| 

• l-.*.*n.|.3i jij.l.-ln-lil 

• l-.*.*n.|.3i jij.l.-ln-lil 

jnnj 

Ef.-., JiiN 

3II;; .-J.J.|1.-.| [•...--I [•.-.[• .1 III.;T.; .l3;;. = 

JF,-.,* EE X I .-.T-

•T3 

IF3.I.. 

IF3.I.. 

I F3.1.. 

I F3.1.. 

'jP.' :r 

'jP.' .-i-

'jP.' :r 

'jP.' :r 

'jP.' .-i-

'jP.' :r 

jnnj 

jnnj 

jnnj 

jnnj 

JIN 

JIN 

JIN 

.1 

jnnj 

jnnj 

l|ul I 

IF3.1.. 

IF3.1.. 

EP.-., JiiN 

EP.-., JiiN 

EP.-., JiiN 

F^n. l-.*.*n.|i.3i jij.l.-ln-lil 

= 1,'.-. xE" X E:^ X I B J' .-I,'.-.. X E".x E[^. X I B.'. 

[•.-.r-.T3.. .I'd. IJ13U..||.-

k^.ii = iEC^ xi,.^ - E[^. XL.„...IE:^ -E:^.. 

ilX.-ira.li - 1*. Ui-li B.-.C-T 

• •Ui-i-m.-- ii'k.,,,,,, I*. Ui-ii [•.-.£ 

F.-. xK, XI'. X I'Fi X I'F. X 

I" i-.,,„.i,>| l-B - :i..,„ii I - .•B - ..B I l-B ••• 

••ii.-l [•••.•-.[•.-.[••iin.;T.; .l3;;.= 

X X EFx E[^ X I B'.J X I .-.T„ 

ii'l..,„ - 1*. Ui-ii B.-.C-DIT' jiJuN' • = 

••Ui-l-nl.-- Il'l..,„ 1-. Ui-li [•.-.f-DIT' jlJuN' • = 

F.-. xK, XI'. X |'F| X I'F. X 

I" 1 l-B - :1..,,„|| I - .•B - ..B'. I l-B ••• 

[•.-.ET-TJIT' lln.ljdu 



^ -fkiji" Tirii-tr ijii- Fijuu-

Table 25 
GroiiiulHaler Exposure Parameters - Hypolhelical Future Resident 

Smokey Mountain Smelters 
Kiioxviiie. Tennessee 

Exi"i.iu- F "iji- F-' '-i'i"r F'"('iiJ3U"ri F-'-('l"r.-..:- Exi'";iu- F'"irii F'lj stii'n'-i F'ljijii-l'-i [•-hruU"ri 1 ifui; 

FME 

' ' dU-

FI,1E 

F 3U..1.1J' 

F 't'-i-ii. ' 

.'TE 

•• = |ij' 

.'TE 

F 3U..1.1J' 

F 't'-i-ii. ' 

liiiiF:' E.|ii=u..ii 

1,1...|'J lliiii' 

C'-lTlLsl ' '"tils' I F -;i')'-iii; .-.'fiiJl T 3(' 3l'-l ft,-,I F>r E'-'^il til.: 'Ill* -"-'^ii ''OF''' .v-'iii' ,'"T=i.|' .'.:.F'.' .'1.'. iti. ,'"T=i.|' 
[•iiujily .-. i..'..|i.'.| inyf.: .1=;.'. = 

1 • "riUfiij-') • 1 • "riUtiij-') • itl-n. ui. /iut*3' - r-3 .-.'--silsi'l- kr ''"fils't , II,. jiyjiiii EF:-., JHJ ji.jiiii Ef'.-., JUJ 

['•-•E-.TJiTX E" X X EFx EC' X 1 B'-' x 1 .-.T„,. 

E" E'-'^il Fr-')ij-ri'-; -•-•'-iiL'fsy 1 EF:-., jiiM 1 Ef'.-., JiiiJ 

EF Exi'";iu- Fr-')ij-ri'-; •Isv; y-st EF:-., JHJ ..•-11 Ef'.-., JUJ 

EC' Exi'";iu- [•iU3U"ri y-„; ji EF:-., JHJ F'i..t'.•.*!..1.3I |ij.|y.|ii-iii ii'l..,„ - 1*. Uiii ['•-•r-niT' vifni"' • ° 

b'-- B'")y '••'-i^hi k; EF:-., JHJ Ef'.-., JUJ : F.-. X K, X X .'Fi X .'F. X .;.. I'.i,,^ X |.. 

Tirii-iH-ri ''ur .),y; -,..1111 E[. X .l=y.' y'=i EE' X .Ij'.'.'.'/'ij 

F.-. Fr3'tj"ri'••'si'-i uruU-;; I'vF'i' .i.'.iti. EF:-., jiiM .-.yF'.' Iti. Ef'.-., JiiiJ ..UiT.ll.-' ifl..,^ f. Uili ['.-.C-DIT' Vlful"' • ° 

K( [•-fill d F''-iTii-3''ilil';' '"-fti'i-ril .3lili"iU I'vF'i' .i.'.iti. EF:-., jiiM .-.yF'.' iti. Ef.-., JiiiJ F.-. xK, x.'^x .'F| X .'F. X 

''h'-iiu'd ''"ti' '^lU3U"riiri 3i'-i I'vF'i' .I.'.iti. ,'"T=i.|' !•• .-.yF'.' iti. ,'"T=i.|' !•• 
1" i-.-i.'. I'E .. * it..,,,.. 1 * -i- * ..E'.. I'E .'. 

'^F| Fs'T't rn; u; 1 "E 11.. ii|,ii.'..i,vi.'i..i, F=.1..| 1 "E 11.. 1 l|Ul . '..|i'-'-l.'|..|i Fj.!..! 

'T. Fs'T't L '111 1 "E 11.. iiiiii .'..i,vi.'i..i, F=.1..| 1 "E 11.. 1 l|Ul . '..|i'-'-l.'|..|i Fj.!..! 

b F sU" "t*F''-iTii-3''ilii'; ''"-fh'i'-iii uruU-;; .'.:.F'.' .I.'.iti. EF:-., jiiM .-.yF'.' iti. Ef.-., JiiiJ K, X .'^x .'F| X .'F. XI..,, 

I* Tirii- l" F-3'JI /l-3')'; /kk h'.ijj .'.:.F'.' .I.'.iti. EF:-., jiiM .-.yF'.' iti. Ef.-., JiiiJ 

Ls^' Tirii- E'-'TII (it -•-•'-111 .'.:.F'.' .I.'.iti. EF:-., jiiM .-.yF'.' iti. Ef.-., JiiiJ 

E'-'^ii [•ur3U"ri hr -•-•'-111 11 -i EF:-., jiiM F'i..t''.'.'i..i.3l |ij.|y.|ii-iii 
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Table 26 
Duloor Air Exposure Parameters - Hypolhelical Future Resident 

Smokey Mountain Smelters 
Kiioxviiie. Tennessee 

F.'. I'l-r F"|.ijl m-fi F'lf iiiil'r F'lj iii-i-i [•-LiiiiiJ"ii 1 ifui; 

FT1E 

•.•Ju-

WE 

F.m-rii]-' 

F.-t-l-lM -

FTE 

Ju-

FTE 

F.m-riJ-' 

F.-t-i-ii' -

IfiiiF:- E'|iHi"ri' 

M-'l-l lUii-

IrJiil li"h F.'.-hl'fil C.-. CE'F'C .-ji C"iM niU 3ij"ii M.-'Ui i;-J, ijj ,i-,| ,'".-.|'|-n'lix i;-J.'.JI a-,I .-.x-i J.-- C' a 1" T"ii' -iiU 3iJ"ii 1 u ."'III 1 = 

•:F I'.f 'I'liiiii r. 'XJE 1 iful 'T'ri'x-i,-|..ri F » l-r r. 'XJE 1 ifiil 'r"riv-r.i..ri Fn l-r n:'.-. X ETx EFx EC'X FT.'.-.T 

ET Ex('";iu- Tun- _A EF'.-_ _iiN 1 '• F'r"t-.'.'i"ii il |ij')x^ii-iii 

EE Ex('";iu- •• •I.".'"'-! .'•11 EF'.-_ _iiN .''II EF'.-. .UN 

EC' Ex|'".-iu- C'lu jO-fi EF'.-_ _iiN 1' F'r"t-.'.'i"ii il |ij')x^ii-iii 

-T,. .-.'x-r ..in.-Tni,- .n'u,. .',"11 EF'.-_ I''-'' .',"11 EF'.-. I''-'' 

.-.'x-r ..:in.:Tni,- .|l..n n'u,. .|="; •lA-'ll EC' X n,' • A '• EC'X ..n' 



Table 27 

Dermally Absorbed Dose Per Event (DAevem) Calculations^ - Groundwater 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

EPC FA K. T.^rH B t" DA,,,H (mg/cm -event)' 

COPC (pgfL) 1 (mg/cm ) (unitless) (cm/hr) (hr/event) (unitless) (hr) (mg/cm-event) Child 1 Adult 

El' III. •Ill-llljll-

iijlJiiiiji-

F-iiij. Iil..i..|.| 

jii'V"! !• 

Deep 

I ;.['!• hi. .|.-Ill jli-

ihEiiiJii-. ji |.iiiii:ii:j-

H-|.i:i. I1I..1 _|....i.|-

ii:i|.iiiii:ii-

F-iilj. Iil..|..|.| 



Table 27 

Dermally Absorbed Dose Per Event (DAevem) Calculations^ - Groundwater 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

EPC 
(ugfL) (mg/cm ) 

FA 

(unitless) 

K. 

(cm/hr) (hr/event) 

B 

(unitless) 

t 

(hr) (mg/cm-event) 

(mg/cm-event)' 

Child Adult 

'EF- j">J 

j:i—I ji iijiiiiii'i I—III ••Ml -•J !• •! 

I E^fljll^^li ' - ••! ' ' !••! ••I^ljlir I 

I E^|ii .'ili^ •ii - J III EF - j II 'J 

I E^|ii jii^ •ii - I III EF - j II iJ 

-ji I jii^l I—III 11 

I E^|i| :JI^ •II ' J N •I I Ijll II "J [••I • hiMi-

E = F :,|r 
F- = Fij 

i-i = C'-iiiijl I-

N- = IF^I :iM| 
= L>i nil 

f = Tim- I-

-iiii-jMiiir-

• •ii-i 

-jMiliM • ••-

• ih in- iiijiuiii -nr |_||| :,• Ih- mjM- -pi 



Table 28 
Inhalation Exposure Per Shower (E) 

Smokey Mountain Smelters, Knoxville, Tennessee 

E = VRxS Dg + exp(-RxD^) 
BWxRxlO' R-

exp[Rx(Dg-DT)] 
R 

Parameter 

VR 

Definition 

Inhalation exposure per shower (mg/m^). 

Ventilation rate (L/minute). 

Value 

15 

Reference 

Foster and Chrostowski. 1987 

Indoor VOC generation rate (pg/m^-
minute). 

Calculated See Table 29 

BW Body weight (kg). 80 EPA. 2014 

R Air exchange rate (minute"^). 90 Foster and Chrostowski, 1987; 
upper-bound value 

CF Conversion factor. 106 Foster and Chrostowski. 1987 

Ds Shower duration (minute). 34.8 EPA. 1997; RME value 

Dt Total duration in shower room (minute). 60 Professional judgment 



Table 29 

Indoor VOC Generation Rate (S) 
Smokey Mountain Smelters, Knoxville, Tennessee 

S = CwD xFR 
sv 

Parameter Definition 

Indoor VOC generation rate (|jg/m^-
minute). 

CwD Concentration leaving shower droplet 
after time ts (pg/L). 

Calculated 

Reference 

See Table 30 

FR Indoor shower water flow rate (L/minute). 10 Foster and Chrostowski. 1987 

SV Shower room air volume (m^). 12 Professional Judgement 



Table 30 

Concentration Leaving Shower Droplet After Time Ts (CWD) 
Smokey Mountain Smelters, Knoxville, Tennessee 

^WD ^WO ^ 1-exp 
v 60xd J J 

Parameter 

CWD 

Cwo 

Definition 

Concentration leaving shower droplet 
after time ts (pg/L). 

Shower water concentration (pg/L). COPC-Specific 

Reference 

See Table 15 

KaL Adjusted overall mass transfer coefficient 
(cm/hr). 

Calculated See Table 31 

Shower droplet drop time (seconds). 0.5 Foster and Chrostowski. 2003 

Shower droplet diameter (mm). Foster and Chrostowski. 1987 



Table 31 

Adjusted Overall Mass Transfer Coefficient (KaL) 
Smokey Mountain Smelters, Knoxville, Tennessee 

K^ = K,x TiXH, 

T. xni 

N-0.5 

Parameter 

KL 

Definition 

KaL Adjusted overall mass transfer coefficient 
(cm/hr). 

Overall mass transfer coeeficient (cm/hr). Calculated 

Reference 

See Table 32 

Ti Calibration water temperature of KL (K). 293 Foster and Chrostowski. 1987 

Ms Water viscosity at Ts (cp). 0.59 Foster and Chrostowski. 1987 

Shower water temperature (K). 318 Foster and Chrostowski, 1987; 
upper-bound value 

pi Water viscosity atJi (cp). 1.002 Foster and Chrostowski. 2003 



Table 32 

Overall Mass Transfer Coefficient (KL) 
Smokey Mountain Smelters, Knoxville, Tennessee 

K,= 1 RxT ^ + 
V TT X IT ^'^l(VOC) -^^^-^gCVOC) ) 

-1 

Parameter Definition Value Reference 

KL Overall mass transfer coefficient (cm/hr). 

Value Reference 

kl (voc) Liquid-film mass transfer coefficient for 
VOC (cm/hr). 

Calculated; 
COPC-Specific 

See Table 33 

R Gas constant (atm-m^/mol-K). 0.000082 Foster and Chrostowski, 1987 

T Absolute temperature (K). 293 Foster and Chrostowski, 1987 

H Henry's law constant (atm-m^/mol). COPC-Specific EPA, 2015 

kg (VOC) Gas-film mass transfer coefficient for 
VOC (cm/hr). 

Calculated; 
COPC-Specific 

See Table 31 



Table 33 

Liquid-Film Mass Transfer Coefficient (ki (voc)) 
Smokey Mountain Smelters, Knoxville, Tennessee 

V — IT X '^iCvoc) '^KcOj) 
( 44 ^ 

0.5 

V — IT X '^iCvoc) '^KcOj) 

0.5 

Parameter Definition Value Reference 

ki (VOC) Liquid-film mass transfer coefficient for 
VOC (cm/hr). 

k| (C02) Liquid-film mass transfer coefficient for 
C02(cm/fir). 

20 Foster and Chrostowski, 1987 

MWvoc Molecular weight of VOC (g/mol). COPC-Specific EPA, 2015 



Table 34 
Gas-Film Mass Transfer Coefficient (kg (voc)) 

Smokey Mountain Smelters, Knoxville, Tennessee 

\c — V X 
^g(VOC) ^gCHjO) ^ 

r 18 ^ 
J 

0.5 

Parameter Definition Value Reference 

Kg (VOC) Gas-film mass transfer coefficient for 
VOC (cm/hr). 

kg (H20) Gas-film mass transfer coefficient for 
H2O (cm/hr). 

3.000 Foster and Chrostowski, 1987 

MWvoc Molecular weight of VOC (g/mol). COPC-Specific EPA, 2015 



Table 35 

Dermally Absorbed Dose Per Event (DAevem) Calculations^ - Groundwater 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

EPC FA K. T, ^.1 B t" (mg/cm -event)' 

COPC (pg/L) 1 (mg/cm) (unitless) (cm/hr) (hr/event) (unitless) (hr) (mg/cm-event) Child 1 Adult 
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Table 35 

Dermally Absorbed Dose Per Event (DAevem) Calculations^ - Groundwater 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

EPC 
(ug'L) (mg/cm) 

FA 

(unitless) 

K. 

(cm/hr) (hr/event) 

B 

(unitless) 

t 

(hr) (mg/cm-event) 
DA,. (mg/cm-event)' 

Adult 

'EF- j"|-J 
: —Tjl.l- I-
I-—III "jl j 

ji. iii:ii-i !• 

ji. iii:ii-i !• 

•: ji' iii:ii-i !•. 

Illllhl I III. .I 11 _ • l. 

• ; , ,| • ' !• 4 • •hljllh 

- -I III EF - j II i-l 

- I III EF - j II I-l 

-jl I jll'l I—III 11 

I E'|ii .'ill' 'ii ' -I I' 'I 

E = F :iii.. .J ih-

F- = Fi > |i. .ii jl 

I-1 = C'-iiii jl I—I 

N- = N..| j|.|.|i. 

I.^.M = L j',1 liiii-

f = Tun- |.. I-j. 

•Ill III- III jlUIII 
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Table 36 
Fish Ingestion Exposure Parameters - Angler 

Smokey Mountain Smelters 
Knowille, Tennessee 

FJ IE FJ IE 'ITE 'ITE 

Ex[" •.i]r- F - -['I' f 
F..1JI- F' 'FIJIJII' II F- -(•[••r Ex(" •-"ijr- F' 'Uil F.ir.iiii-l-r F.ir.iiii-l-r E'-liiiili' 'ii '.'nil; V.,|ij- F .ill' ii.ll-- V.,!ij- F .ill' 'IMI-- Inl.iJ:- E'|ij.iln ii 

F -l-r-ii' - F -l-r-ii' - 1 Fi-I H.ini-

.-J 1 1 -r •FliiFI F1.-J1 Ti.-.u- 'ii' -iilr.ilj' ii III Fi;Ji InyTy '.''.'F'.'-.-f'-' ill' T.ii'l- 1' '.''.'F'.'-.i'- ill' .'.•-T.il'!- k '.'hr im i.iil'; inl.iJ:- ' iim'ik'-'l.r-'' = 

IFJ Fi.il Iiu'-.li' ii F .il- -• FV' •l-;;n ii.ll |iji.in-nl 1 FV' 'l-.Vi' IM! |iji.in-iil 'I'm IFJx n X 'IT X EF X EE' X I EVi x I .-J 

n Fr.iii' 'ii • •! Fi.il IT' in i ji-i '>—1: Ijjilll-.V 1 FV' •l-;;n ii.ll |iji.in-nl •'I' FV' 'I-.VI' IM! |iji.1n-lil •:T '!'• •ii"-r;n ii F.1'1' r 1 I'l'E.",: '.'ml • • •n"-r;i' ii l.ii' r 1 I'l'E.i'.: '.'ml • • ii"-r;n ii l.ii' i-

EE Ex[" '.iir- Fr«-|ij-ii'-,' •l.iy.- y-.ir EF.4. :"I4 EF.4.:"i4 

EE' Ex[" '.iir- E'ljr.iU' ii EF.4. :"I4 EF.4.:"i4 

E E"'ly '.•/-lylil I:y 1 EF.4. :"I4 IF EF.4.:"i4 

.-."-r.u'iiu' Tun- ' 'I'.iln -r ' •l.iy.- EF.4.I-' -• EF.4. 1 -• -• 

.-.T-W':' .-."-r.u'iiu' Tun- ' H' ii-'I'.iii' -r' •I.iy.- :i-' EE' X •l.iy.-'y-.u- :.i-' EE' X .k;'' •l.iy.-,y'-.ir 

.-••lull F1.-J1 Ti.-.u- '!'• 'ii' -iilr.iU' ii III Fi.il InyTy T" 1- •H-nnin-l T.ii'!- 1' T"l'-'M-nmji-l .'.•-T.iM- k 'Fhr im i.iil'; inl.iJ:- ' iim'ik'-'l.r-'' = 

IFJ Fi.il Iiu'-.ln ii F .il- -• ;'.4 EF.4. : Fr i-.Vl' IM! |iji.1n-lil 'I'm IFJx n X 'IJ X EF X EE' X I EVi x I .-J 

n Fr.iii' ii • •! Iiu'-.1-I Fi.il IT' in [ jn '>—1: iJJilll-.V 1 FV' 'l-x/n ii.ll |iji.in-nl •'I' FV' 'l-.Vl' IMI |iji.1n-lil •:T '!'• •n"-r;n ii F.rl' f I:y y 1 I'l'E.",: '.'ml • • •n"-r;i' ii l.ii' r 1 I'l'E.i'.: '.'ml • • ii"-r;n ii l.ii' i-

EF Ex[" '.iir- Fr-'in-ii'V •l.iy.- y-.ir EF.4. :"I4 EF.k.:"!4 

EE' Ex[" '.iir- E'ljr.iU' ii EF.4. :"I4 EF.k.:"!4 

E E"'ly '.•/-lylil I:y •' EF.4. :"I4 •' EF.k.:"!4 

.-."-r.u'iiu' Tun- ' 'I'.ijn -r ' •l.iy.- EF.4.I-' -• EF.k. I -• -• 

.-.T-W':' .-."-r.u'iiu' Tun- ' H' ii-'Tiir -r' •I.iy.- .• 4 .1 . EE' X •l.iy.-'y-.u- .• 4 .•! . EE' X .k;. y'-.ir 



Table 37R 

Calculatlon of Cancer Risks - Mutagenic Mode of Action - Current/Future Trespasser Exposure to Surface Soil 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

Incidental Soil Ingestion Risk 

Where: 

Dermal Contact Risk 

Where: 

Inhalation of Particulate Risk 

Where: 
X"* IRS X FIXCFxEFxED .r-,Ai-Risk = EPCx > X CSFo X ADAF 
^ BW X AT 

i 

SAXAF XABS xEFxEDxCF .r-vAi-Risk = EPCx > X CSFd XADAF 
^ BWxAT 

i 

, ,_r^ ET X EF X ED X CF , .r-,..-Risk = EPC X 1/PEF > xURFxADAF 
AT 

i 

Exposure Parameters (byaqe Interval, 1) Exposure Parameters (by aqe Interval, 1) Exposure Parameters (byaqe Interval, 1) 
Parameter Units 6-<16 Parameter Units 6-<16 Parameter Units 6-<16 

EPC mq/kq See Below EPC mq/kq EPC mq/kq See Below 
IRS mq/dav 100 SA cm7day 6032 PEF m /kq 5.7E+09 
Fi unitless 1 AF mq/cm" 0.07 ET hours/day 4 
CF kq/mq IE-06 ABS unitless EF days/year 104 
EF davs/vear 104 EF days/year 104 ED years 10 
ED years 10 ED years 10 CF yq/mq 1000 
BW kq 45 CF kq/mq IE-06 AT hours 613200 
AT days 25550 BW kq 45 URF (yg/m )' See Below 
CSFo (mg/kg-day)' AT days 25550 ADAF unitless 3 
ADAF unitless 3 CSFd (mg/kg-day)' 

ADAF unitless 3 

COPC 
Incidental Soil Ingestion Risks 

COPC 
Dermal Contact Risks Inhalation of Particulate Risks 

COPC EPC 1 CSFo 1 6-<16 1 COPC EPC 1 CSFd 1 ABS I 6-<16 COPC EPC 1 URFI 1 6-<16 
On-site 

Chromium | 3.66E+01 | 5.0E-01 | 5.0E-06 | |Chromium | 3.66E+01 12.0E+01 | NA NA IChromium | 3.66E+01 | 8.4E-02 | 1.1E-08 
Flennlken Branch 

Benzo(a)anthracene 5.10E-02 7.3E-01 1.0E-08 Benzo(a)anthracene 5.10E-02 7.3E-01 0.13 5.5E-09 Benzo(a)anthracene 5.10E-02 1.1E-04 2.0E-14 
Benzo(a)pyrene 1.00E-01 7.3E+00 2.0E-07 Benzo(a)pyrene 1.00E-01 7.3E+00 0.13 1.1E-07 Benzo(a)pyrene 1.00E-01 1.1E-03 4.0E-13 
Benzo(b)fluoranthene 1.10E-01 7.3E-01 2.2E-08 Benzo(b)fiuoranthene 1.10E-01 7.3E-01 0.13 1.2E-08 Benzo(b)fiuoranthene 1.10E-01 1.1E-04 4.4E-14 
Benzo(k)fluoranthene 1.00E-01 7.3E-02 2.0E-09 Benzo(k)fluoranthene 1.00E-01 7.3E-02 0.13 1.1E-09 Benzo(k)fluoranthene 1.00E-01 1.1E-04 4.0E-14 
Chrysene 9.60E-02 7.3E-03 1.9E-10 Chrysene 9.60E-02 7.3E-03 0.13 1.0E-10 Chrysene 9.60E-02 1.1E-05 3.8E-15 
Chromium 2.81 E+01 5.0E-01 3.8E-08 Chromium 2.81 E+01 2.0E+01 NA NA Chromium 2.81E+01 8.4E-02 8.5E-09 

COPC 

Total Cancer Risks 

COPC 
Soil 

Ingestion 
Dermal 
Contact Inhalation Total 

On-site 
Chromium | 5.0E-06 | NA | 1.1E-08 | 5.0E-06 

Flennlken Branch 
Benzo(a)anthracene 1.0E-08 5.5E-09 2.0E-14 1.6E-08 
Benzo(a)pyrene 2.0E-07 1.1E-07 4.0E-13 3.1E-07 
Benzo(b)fluoranthene 2.2E-08 1.2E-08 4.4E-14 3.4E-08 
Benzo(k)fluoranthene 2.0E-09 1.1E-09 4.0E-14 3.1E-09 
Chrysene 1.9E-10 1.0E-10 3.8E-15 2.9E-10 
Chromium 3.8E-06 NA 8.5E-09 3.8E-06 
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Table 38R 

Calculatlon of Cancer Risks - Mutagenic Mode of Action - Current/Future Trespasser Exposure to Surface Soil 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

Incidental Soil Ingestion Risk 

l/Vhere: 

Dermal Contact Risk 

l/Vhere: 

Inhalation of Particulate Risk 

l/Vhere: 

Risk = EPCx ^ 
-•iRSx FixCFxEFxED 

ADAF 
p|,|. cpr. „ -^SAxAF xABS x EF x ED x CF -dxADAF Risk EPC xl/PEF V x URFxADAF 

AT 
i 

Risk = EPCx ^ 
-( BW X AT 

ADAF 
^ BW xAT 

1 

-dxADAF Risk EPC xl/PEF V x URFxADAF 
AT 

i 

Exposure Parameters (byaqe Interval, 1) Exposure Parameters (byaqe Interval, 1) Exposure Parameters (by aqe Interval, 1) 
Parameter Units 6-<16 Parameter Units 6-<16 Parameter Units 6-<16 

ERG mq/kq See Below EPC mq/kq EPC mq/kq See Below 
IRS mq/dav 100 SA cm7day 6032 PEF m /kq 5.7E+09 
Fi unitless 0.5 AF mq/cm" 0.01 EI hours/day 2 
CF kq/mq 1E-06 ABS unitless EF days/year 52 
EF days/year 52 EF days/year 52 ED years 10 
ED years 10 ED years 10 CF yq/mq 1000 
BW kq 45 CF kq/mq IE-OS AT hours 613200 
AT days 25550 BW kq 45 URF (yq/m )' See Below 
CSFo (mq/kq-day) AT days 25550 ADAF unitless 3 
ADAF unitless 3 CSFd (mq/kq-day) 

ADAF unitless 3 

COPC 
Incldentlal Soil Ingestion Risks 

COPC 
Dermal Contact Risks 

COPC 
Inhalation of Particulate Risks 

COPC EPC 1 CSFo 1 6-<16 1 COPC EPC 1 CSFd 1 ABS | 6-<16 COPC EPC 1 URFI 1 6-<16 
On-site 

Chromium 3.66E+01 5.0E-01 1.2E-06 Ichromium 3.66E+01 2.0E+01 NA NA IChromium 3.88E+01 8.4E-02 2.8E-09 
Flennlken Branch 

Benzo(a)anthracene 5.10E-02 7.3E-01 2.5E-09 Benzo(a)anthracene 5.10E-02 7.3E-01 0.13 4.0E-10 Benzo(a)anthracene 5.10E-02 1.1E-04 5.0E-15 
Benzo(a)pyrene 1.00E-01 7.3E+00 5.0E-08 Benzo(a)pyrene 1.00E-01 7.3E+00 0.13 7.8E-09 Benzo(a)pyrene 1.00E-01 1.1E-03 9.9E-14 
Benzo(b)fluoranthene 1.10E-01 7.3E-01 5.4E-09 Benzo(b)fluoranthene 1.10E-01 7.3E-01 0.13 8.5E-10 Benzo(b)fluoranthene 1.10E-01 1.1E-04 1.1E-14 
Benzo(k)fluoranthene 1.00E-01 7.3E-02 5.0E-10 Benzo(k)fiuoranthene 1.00E-01 7.3E-02 0.13 7.8E-11 Benzo(k)fiuoranthene 1.00E-01 1.1E-04 9.9E-15 
Chrysene 9.60E-02 7.3E-03 4.8E-11 Chrysene 9.60E-02 7.3E-03 0.13 7.5E-12 Chrysene 9.60E-02 1.1E-05 9.5E-16 
Chromium 2.81E+01 5.0E-01 9.5E-07 Chromium 2.81E+01 2.0E+01 NA NA Chromium 2.81 E+01 8.4E-02 2.1E-09 

COPC 

Total Cancer Risks 

COPC 
Soil 

Ingestion 
Dermal 
Contact Inhalation Total 

On-site 
Chromium 1.2E-06 NA 2.8E-09 1.2E-06 

Flennlken Branch 
Benzo(a)anthracene 2.5E-09 4.0E-10 5.0E-15 2.9E-09 
Benzo(a)pyrene 5.0E-08 7.8E-09 9.9E-14 5.7E-08 
Benzo(b)fluoranthene 5.4E-09 8.5E-10 1.1E-14 6.3E-09 
Benzo(k)fiuoranthene 5.0E-10 7.8E-11 9.9E-15 5.7E-10 
Chrysene 4.8E-11 7.5E-12 9.5E-16 5.5E-11 
Chromium 9.5E-07 NA 2.1E-09 9.5E-07 
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Table 39R 

Calculatlon of Cancer Risks - Mutagenic Mode of Action - Current/Future Recreational User Exposure to Surface Soil 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

Incidental Soil Ingestion Risk 

Where: 

Dermal Contact Risk 

Where: 

Inhalation of Particulate Risk 

Where: 

Risk = EPC X ^ 
-•iRSx FixCFxEFxED 

ADAF Risk = EPC X ^ ̂ SAx AF X ABS x EF x ED x CF 
xADAF r,- . ET X EF X ED X CF , 

Risk = EPC X 1/PEF > xURFxADAF 
^ AT 

i 

Risk = EPC X ^ 
-( BW X AT 

ADAF Risk = EPC X ^ 
BW xAT 

xADAF r,- . ET X EF X ED X CF , 
Risk = EPC X 1/PEF > xURFxADAF 

^ AT 
i 

Exposure Parameters (byaqe Interval, 1) Exposure Parameters (by aqe Interval, 1) Exposure Parameters (byaqe Interval, 1) 
Parameter Units 0-<2 1 2-<6 Parameter Units 0-<2 1 2-<6 Parameter Units 0-<2 1 2-<6 

EPC mq/kq See Below EPC mq/kq See Below EPC mq/kq See Below 
IRS mq/dav 200 200 SA cm"/day 2800 2800 PEF m /kq 5.7E-I-09 5.7E-I-09 

Fi unitless 1 1 AF mq/cm" 0.2 0.2 EI hours/day 4 4 
CF kq/mq IE-06 IE-06 ABS unitless See Below EF days/year 117 117 
EF davs/vear 117 117 EF days/year 117 117 ED years 2 4 
ED years 2 4 ED years 2 4 CF yq/mq 1000 1000 
BW kq 15 15 CF kq/mq 1E-06 IE-06 AT hours 613200 613200 
AT days 25550 25550 BW kq 15 15 URF (yq/m )' See Below 
CSFo (mq/kq-day) See Below AT days 25550 25550 ADAF unitless 10 1 3 
ADAF unitless 10 1 3 CSFd (mq/kq-day) See Below 

ADAF unitless 10 1 3 

COPC 
Incidental Soil Ingestion Risks Dermal Contact Risks Inhalation of Particulate Risks 

COPC EPC 1 CSFo 1 0-<2 1 2-<6 COPC EPC 1 CSFd 1 ABS | 0-<2 | 2-<6 COPC EPC 1 URFI 1 0-<2 1 2-<6 
On-site 

Chromium 3.66E+01 5.0E-01 2.2E-05 1.3E-05||Chromium 3.66E-I-01 2.0E-I-01 NA NA NA Ichromium 3.66E-I-01 8.4E-02 8.3E-09 5.0E-09 
Flennlken Branch 

Benzo(a)anthracene 5.10E-02 7.3E-01 4.5E-08 2.7E-08 Benzo(a)anthracene 5.10E-02 7.3E-01 0.13 1.7E-08 9.9E-09 Benzo(a)anthracene 5.10E-02 1.1E-04 1.5E-14 9.1E-15 

Benzo(a)pyrene 1.00E-01 7.3E-I-00 8.9E-07 5.3E-07 Benzo(a)pyrene 1.00E-01 7.3E-I-00 0.13 3.2E-07 1.9E-07 Benzo(a)pyrene 1.00E-01 1.1E-03 3.0E-13 1.8E-13 

Benzo(b)fluoranthene 1.10E-01 7.3E-01 9.8E-08 5.9E-08 Benzo(b)fluoranthene 1.10E-01 7.3E-01 0.13 3.6E-08 2.1E-08 Benzo(b)fiuoranthene 1.10E-01 1.1E-04 3.3E-14 2.0E-14 

Benzo(k)fluoranthene 1.00E-01 7.3E-02 8.9E-09 5.3E-09 Benzo(k)fluoranthene 1.00E-01 7.3E-02 0.13 3.2E-09 1.9E-09 Benzo(k)fluoranthene 1.00E-01 1.1E-04 3.0E-14 1.8E-14 

Chrysene 9.60E-02 7.3E-03 8.6E-10 5.1E-10 Chrysene 9.60E-02 7.3E-03 0.13 3.1E-10 1.9E-10 Chrysene 9.60E-02 1.1E-05 2.8E-15 1.7E-15 

Chromium 2.81 E+01 5.0E-01 1.7E-05 1.0E-05 Chromium 2.81 E-i-01 2.0E-I-01 NA NA NA Chromium 2.81E-I-01 8.4E-02 6.4E-09 3.8E-09 

COPC 

Total Cancer Risks 

COPC 
Soil 

Ingestion 
Dermal 
Contact Inhalation Total 

On-site 
Chromium 3.6E-05 NA 1.3E-08 3.6E-05 

Flennlken Branch 
Benzo(a)anthracene 7.3E-08 2.8E-08 2.4E-14 9.9E-08 
Benzo(a)pyrene 1.4E-06 5.2E-07 4.7E-13 1.9E-06 
Benzo(b)fluoranthene 1.6E-07 5.7E-08 5.2E-14 2.1E-07 
Benzo(k)fluoranthene 1.4E-08 5.2E-09 4.7E-14 1.9E-08 

Chrysene 1.4E-09 5.0E-10 4.6E-15 1.9E-09 

Chromium 2.7E-05 NA 1.0E-08 2.7E-05 
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Table 40R 

Calculation of Cancer Risks - Mutagenic Mode of Action - Current/Future Recreational User Exposure to Surface Soil 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

Incidental Soil Ingestion Risk 

Where: 

Dermal Contact Risk 

Where: 

Inhalation of Particulate Risk 

Where: 

Risk = EPC X ^ 
-ilRSx FIxCFxEFxED 

ADAF Risk = EPC X ^ 
SAxAF xABS x EF x ED x CF 

xADAF r,- . .-r,^ ., ETxEFxEDxCF 
Risk=EPC X 1/PEF > xURFxADAF 

AT 
i 

Risk = EPC X ^ 
-< BWxAT 

ADAF Risk = EPC X ^ 
BWxAT 

xADAF r,- . .-r,^ ., ETxEFxEDxCF 
Risk=EPC X 1/PEF > xURFxADAF 

AT 
i 

Exposure Parameters (by age Interval, 1) Exposure Parameters (by age Interval, 1) Exposure Parameters (by age Interval, 1) 
Parameter Units 0-<2 1 2-<6 Parameter Units 0-<2 1 2-<6 Parameter Units 0-<2 1 2-<6 

EPC mo/ko See Below EPC mg/kg See Below EPC mg/kg See Below 
IRS mo/dav 100 100 SA cm/dav 2800 2800 PEF m /kg 5.7E+09 5.7E+09 
Fi unitless 0.5 0.5 AF mg/cm" 0.04 0.04 EI hours/day 2 2 
CF kg/mg IE-OS IE-OS ABS unitless See Below EF days/year 58 58 
EF davs/vear 58 58 EF days/vear 58 58 ED years 2 4 
ED vears 2 4 ED years 2 4 CF ug/mg 1000 1000 
BW kg 15 15 CF kg/mg IE-OS IE-OS AT hours S13200 S13200 
AT days 25550 25550 BW kg 15 15 URF (Ug/m )' See Below 
CSFo (mg/kg-dav)' See Below AT days 25550 25550 ADAF unitless 10 1 3 
ADAF unitless 10 1 3 CSFd (mg/kg-dav)' See Below 

ADAF unitless 10 1 3 

COPC 
Incidental Soil Ingestion Risks 

COPC 
Dermal Contact Risks Inhalation of Particulate Risks 

COPC EPC 1 CSFo 1 0-<2 1 2-<6 COPC EPC 1 CSFd 1 ABS | 0-<2 | 2-<6 COPC EPC 1 URFI 1 0-<2 1 2-<6 
On-Slte 

Chromium | 3.66E+01 | 5.0E-01 | 2.8E-06 11.7E-06|Chromlum | 3.66E-f01 | 2.0E-f01 | NA | NA | NA ||Chromlum | 3.66E-f01 | 8.4E-02 | 2.1E-09 | 1.2E-09 
Flennlken Branch 

Benzo(a)anthracene 5.10E-02 7.3E-01 5.SE-09 3.4E-09 Benzo(a)anthracene 5.10E-02 7.3E-01 0.13 1.SE-09 9.8E-10 Benzo(a)anthracene 5.10E-02 1.1E-04 3.8E-15 2.3E-15 
Benzo(a)PYrene 1.00E-01 7.3E+00 1.1E-07 S.SE-08 Benzo(a)PYrene 1.00E-01 7.3E-fOO 0.13 3.2E-08 1.9E-08 Benzo(a)pyrene 1.00E-01 1.1E-03 7.4E-14 4.4E-14 
Benzo(b)fluoranthene 1.10E-01 7.3E-01 1.2E-08 7.3E-09 Benzo(b)fiuoranthene 1.10E-01 7.3E-01 0.13 3.5E-09 2.1E-09 Benzo(b)fiuoranthene 1.10E-01 1.1E-04 8.1E-15 4.9E-15 
Benzo(k)fluoranthene 1.00E-01 7.3E-02 1.1E-09 S.SE-10 Benzo(k)fiuoranthene 1.00E-01 7.3E-02 0.13 3.2E-10 1.9E-10 Benzo(k)fiuoranthene 1.00E-01 1.1E-04 7.4E-15 4.4E-15 
Chrvsene 9.60E-02 7.3E-03 1.1E-10 S.4E-11 Chrvsene 9.S0E-02 7.3E-03 0.13 3.1E-11 1.9E-11 Chrvsene 9.S0E-02 1.1E-05 7.IE-IS 4.2E-1S 
Chromium 2.81E+01 5.0E-01 2.1E-0S 1.3E-0S Chromium 2.81E-f01 2.0E-f01 NA NA NA Chromium 2.81E-f01 8.4E-02 1.SE-09 9.5E-10 

COPC 

Total Cancer Risks 

COPC 
Soil 

Ingestion 
Dermal 
Contact Inhalation Total 

On-Slte 
Chromium I 4.4E-06 | NA | 3.3E-09 I4.4E-06 

Flennlken Branch 
Benzo(a)anthracene 9.0E-09 2.6E-09 S.OE-15 1.2E-08 
Benzo(a)Dvrene 1.8E-07 5.1E-08 1.2E-13 2.3E-07 
Benzo(b)fiuoranthene 1.9E-08 5.7E-09 1.3E-14 2.5E-08 
Benzo(k)fiuoranthene 1.8E-09 5.1E-10 1.2E-14 2.3E-09 
Chrvsene 1.7E-10 4.9E-11 1.1E-15 2.2E-10 
Chromium 3.4E-06 NA 2.5E-09 3.4E-06 
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Table 41R 

Calculation of Cancer Risks - Mutagenic Mode of Action - Future Residential Exposure to Surface Soil 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle. Tennessee 

Incidental Soil Ingestion Risk 

Where: 

Rl5k = EPCx Z IRSx FIxCFxEFxED X CSFo X ADAF 

Dermal Contact Risk 

Risk = EPC X z SAxAF xABS x EF x EDx C F X C SFclxADAF 

Ex )osure Parameters (by aae Interval. 1) Exposure Parameters (by aae Interval. 1) Exposure Parameters (by a ae Interva i) 
Parameter Units 0-<2 2.<6 6-<16 16-26 Parameter Units 0-2 2-6 6-16 16-26 Parameter Units 0-2 2-6 6-16 16-26 

EF'! iii.|.'i.] E-i'- EFC lll.l.'l .l EF: iii.|.'i .| E-i.-
IF : jii, jiii Inn Inn • - • lii".'.|:n :i..,n :i..,n 1.11-: 1.11-: FEF III .'1 •! TE'II'I TE'ii'i TE'II'I TE'ii'i 

Fl iiiiiii-:: 1 1 1 1 -F iii.|.'. nr 111: 111: nin nin ET h. .ijl l.'.l.'n :J :J :J :J •:F 1 .|.'iii.| IE.11.. IE.111. IE.111. IE.111. -E: ijiiiii-:: EF •I.'I. :.'.-:ii 

EF EF •i.'i. EC' . - III: : J In In 

EC' .-:ii: : J In In EC' . - :ii: : J In In •:F ij.|.'iii.| 

1 •] I-. I-. 11 11 •:F 1 .|.'iii.| IE.111. IE.111. IE.111. IE.111. -iT h. .ijl I i.| -:nn i.| -:nn i.| -:nn i.| -:nn 

-T •i:i.: 1 •! I-. I-. n n UFF 1 ij.|.'iii 1' E-i.-•: :F.. iiii.|.'i .|..i:i. 1' E-i.." -T •i:i.: :--.--.--.n :--.--.--.n :--.--.--.n :--.--.--.n -iC-F ijiiiii-:: 1 1 • 1 • 1 1 
-C-F iiiiiii-:: Ill 1 • 1 • 1 1 •: :F.I 1 lii.|.'l .|..|:n 1 ' E-l.-

-C-F ijiiiii-:: ln 1 - 1 - 1 1 
Incldentlal Soil Inc estlon Risks Dermal Contact Risks Inhalation of Particulate Risks 

COPC EPC CSFo 0.<2 2-6 6-16 16-26 COPC EPC CSFd ABS 0-2 2-6 6-16 1 16-26 COPC EPC URFI 0-2 2-6 6-16 16-26 

Inhalation of Particulate Risk 

Where: 

TJEHHEH .JE-I". ' lE.i". 

Flennlken Branch 

COPC 

Total Cancer Risks 

COPC 
Soil 

Ingestion 
Dermal 
Contact Inhalation Total 

Flennlken Branch 



Table 42 

Calculation of Cancer Risks - Mutagenic Mode of Action - Future Residential Exposure to Groundwater 
Reasonable Maxlnum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

Tapwater Ingestion Risk 

Where: 

Risk = EPf z IRW FI EF ED t'F 
fSFo ADAF 

Ex losure Parameters (bv age Interval, 1) Exposure Parameters (bv age Interval, 1) 
Parameter Units 0-<2 2-<6 6.<16 1 16-<26 Parameter Units 0-<2 2-<6 6-<16 16-<26 

EPC Mfl/L See Below DAevent mq/cm-event See Below 
IRW L/dav 0.78 0.78 2.5 2.5 EV event/day 1 1 1 1 
FI unltless 1 1 1 SA cm" 6378 6378 20900 20900 
CF mo/ud 1E-03 1E-03 1E-03 1E-03 EF days/year 350 350 350 350 
EF davs/Vear 350 350 350 350 ED years 2 4 10 10 
ED years 2 4 10 10 BW kg 15 15 80 80 
EIW kg 15 15 80 80 AT days 25550 25550 25550 25550 
AT days 25550 25550 25550 25550 CSFd (mq/kq-day)' See Below 
CSFo (mq/kq-day)' See Below ADAF unltless 10 3 3 1 
ADAF unltless 10 3 3 1 

Tapwater Ingestion Risks Dermal Contact Risks 
COPC EPC CSFo 0-<2 2-<6 6.<16 1 16-<26 COPC DAevent CSFd 0-<2 2-<6 6-<16 16-<26 

Shallow 
Chromium 3.14E-f01 5.0E-01 2.2E-04 m

 
o

 

2.0E-04 6.7E-05 Chromium 2.10E-08 2.0E-f01 4.9E-05 2.9E-05 4.5E-05 1.5E-05 
Deep Deep 

Chromium 2.11E-f01 5.0E-01 1.5E-04 9.0E-05 1.4E-04 4.5E-05 Chromium 1.41E-08 2.0E-f01 3.3E-05 2.0E-05 3.0E-05 1.0E-05 

Total Cancer Risks 

COPC 
Tapwater 
Ingestion 

Dermal 
Contact Total 

Shallow 
Chromium 6.3E-04 1.4E-04 7.7E-04 

Deep 
Chromium 4.2E-04 9.3E-05 5.1E-04 

Dermal Contact Risk 

Where: 

Rj/k = z E\' X SA X EF X ED 

B\V X AT 
•X fSFd X .AD.AF 



Table 43R 

Calculation of Cancer Risks - Mutagenic Mode of Action - Future Residential Exposure to Surface Soil 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 

ncldental Soil Ingestion Risk 

Where: 
RS X F X CFxEFx ED 

Risk = EPCx > xCSFoxADAF 
ii- BW X AT 

Exposure Parameters (b y age Interval. 1) 
Parameter Units 0-<2 1 2-<6 1 20-<26 

EF'! III.) 1.] E-F-
IF : Ill'] 'ij. jii, Inn 

-1 ijriill-i: 11 11 11 

:F 1.] III.) lE-ii.. lE-ii.. IE-Ill. 

EF •ij-: --ji • -.11 .-.II •-.11 

EC' --ji: J 4 1. 

1 •] 1-. I-. 11 

-T • 1 j -: J-.-.-.i 1 ;-.-.-.i 1 ;-.-.-.i 1 

: :F.. iiii.ii .|-.i:i, i' 

-C-F ijriiii-i: .••1 • 1 . 

r-nZ' 'il' illij' •! ji'ilh. 
r-nZ' 'il illij' •! ji'ilh. 

Incldentlal Soil Ingestion Risks 
I CSFo I 0-<2 I 2-<6 

• E-ii- : iiE-ii" '.'aE-i 

Flennlken Branch 

Dermal Contact Risk 

Wiere: 

Risk = EPC SAxAF xABS xEFxEDxCF X CSFclxADAF 

Exposure Parameters (by age Interval, I) 
0-<2 I 2-<6 I 20-<26~ 

Dermal Contact Risks 
2-<6 20-<26 

nhalatlon of Particulate Risk 

Where: 

Risk = EPC X 1/PEF Z ETx EFx ED X OF 
AT 

X URFxADAF 

•iZ"i|. iilij. .ijnlh. 

•|Z"il illij'•! jl'ilh. 

Inhalation of Particulate Risks 

Exposure Parameters (by age Interval. 1) 
Parameter Units 0-<2 2-<6 20-<26 

EFE iii.ii .| E-i"" 
= EF III 1 .| --. 7E*"'.' --. 7E*"'.' 

ET h..iji: .i:i. II. II. |i. 

EF 'l.'ln — :ii .-.11 .-7n .-7n 

EC' -- :ii: ; 4 r. 

:F ij'i iii'i 

-T h'.i.ji: n| . jin n| . jin n| . jin 

.IFF i|j.| III i' E-i"" 
-C'-F unili-:: 1 • 1 . 

Total CancerRlsks 

COPC 
Soil 

Ingestion 
Dermal 
Contact Inhalatlon Total 

On-Slte 
.I'll. .11 iii.jii 1 --. 4E-II-". N- 1 ...E-in 5.5E-05 

Flennlken Branch 
E-i'iZ'" :i i.'ii'iihi :i. -n- 1 1 r.E-ii . 4E-I • 1.3E-07 
E-nZ' " J i|' -i-n- ; ;E-I". . iiE-in n 7E-i; 2.5E-06 
E-nZ' "1' iilu' '1 ."inlh-n- ; 4E-IIF . -E-n 74E-I' 2.7E-07 
E-nZ' "1 iilu' '1 ."inlh-n- ; ;E-II . iiE-n... r. 7E-I . 2.5E-08 
! hr, i-n- ; IE-"'.' ; •.€-1" r.-7E-l4 2.4E-09 
. I'll. .11 III.JII 1 4 ;E-II-". N- 1 4E-IIF 4.2E-05 



Table 44 

Calculation of Cancer Risks - Mutagenic Mode of Action - Future Residential Exposure to Groundwater 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

Tapwater Ingestion Risk 

Where: 

F,i:k. = EF' z IF,'.'.' !< FI !< EE !< EE' 

Parameter 
Exposure Parameters Iby age Interval, II 

EPC 
IRW 

CF 
EF 
ED 
BW 
AT 
CSFo 
ADAF 

Units 

L/day 
unitless 
mq/ud 
days/year 
years 
kg. 
days 
(mg/kg-day) 
unitless 

0-<2 I 2-<6 I 20^^ 
See Below 

0.78 
0.5 

1E-03 
350 

15 
25550 

0.78 
0.5 

1E-03 
350 

15 
25550 

2.5 
0.5 

1E-03 
350 

80 
25550 

See Below 
10 1 

Dermal Contact Risk 

Where: 

Rji-J: = z E\' X S.A X EF X ED 

BW X .AT 
x fSFd X .AD.AF 

Parameter 
Exposure Parameters |b 

DAevent 
EV 
SA 
EF 
ED 
BW 
AT 
CSFd 
ADAF 

Units 
mg/cm-event 
event/day 

days/year 
years 
kg. 
days 
(mg/kg-day) 
unitless 

/ageInterval, II 
0-<2 I 2-<6 I 20-<^ 

See Below 

6378 
350 

15 
25550 

6378 
350 

15 
25550 

20900 
350 

80 
25550 

See Below 
10 

COPC 
Tapwater Ingestion Risks 

EPC I CSFo I 0-<2 I 2-<6 | 20-^ COPC DAevent 
Dermal Contact Risks 

I CSFd I 0-<2 I 2-<6 I 20-<'^ 
Shallow 

I 3.14E-f01 I 5.0E-01 I 1.1E-04 |6.7E-05| 2.0E-05 I 1.04E-08 I 2.0E+01 | 2.4E-05 | 1.4E-05 |4.5E-06 Chromium Chromium 
Deep 

I 2.11E-f01 I 5.0E-01 I 7.5E-05 |4.5E-05| 1.4E-05 
Deep 

I 6.96E-09 I 2.0E+01 | 1.6E-05 | 9.7E-06 | 3.0E-06 Chromium Chromium 

Total Cancer Risks 

COPC 
Tapwater 
Ingestion 

Dermal 
Contact Total 

Shallow 
Chromium 2.0E-04 NA 2.0E-04 

Deep 
Chromium 1.3E-04 NA 1.3E-04 



Table 45 

Calculation of Cancer Risks - Mutagenic Mode of Action - Current/Future Angler Exposure to 
Fish Tissue 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxviiie, Tennessee 

Fish ingestion Risk 

Risk EPC X ^ ^ 
F X CF X EF X ED 

X CSFo 
BW X AT 

X ADAF 

Exposure Parameters (by ac e interval, i) 
Parameter Units 0-<2 2-<6 

EPC mq/kq See Below 
IRF q/dav 27 27 
Fl unitiess 1 1 
OF kg/g 1E-03 1E-03 
EF days/year 350 350 
ED years 2 4 
BW kg 15 15 
AT days 25550 25550 
CSFo (mg/kg-day)' See Below 
ADAF unitiess 10 3 

Fish ingestion Risks 
COPC EPC CSFo 0-<2 2-<6 

Carp 
Chromium 9.50E-01 b.Ub-UI 2.3E-04 1.4E-04 

Largemouth Bass 
Chromium 6.70E-01 5.0E-01 1.7E-04 9.9E-05 

All Species 
Chromium 4.86E-01 5.0E-01 1.2E-04 7.2E-05 

Total Cancer Risks 

Fish 
COPC ingestion 

Carp 
Chromium 3.7E-04 

Largemouth Bass 
Chromium 2.6E-04 

All Species 
Chromium 1.9E-04 



Table 46 

Calculation of Cancer Risks - Mutagenic Mode of Action - Current/Future Angler Exposure to 
Fish Tissue 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxviiie, Tennessee 

Fish ingestion Risk 

Where: 
^ RF X F X CF X EF X ED Risk = EPC X V X CSFo x ADAF 
Z- BW X AT 

Exposure Parameters (by ac e interval, i) 
Parameter Units 0-<2 2-<6 

EPC mq/kq See Below 
IRF q/dav 13.5 13.5 
Fl unitiess 0.5 0.5 
CF kg/g 1E-03 1E-03 
EF days/year 350 350 
ED years 2 4 
BW kg 15 15 
AT days 25550 25550 
CSFo (mg/kg-day)' See Below 
ADAF unitiess 10 3 

Fish ingestion Risks 
COPC EPC CSFo 0-<2 2-<6 

Carp 
Chromium 9.50E-01 b.Ub-UI 5.9E-05 3.5E-05 

Largemouth Bass 
Chromium 6.70E-01 5.0E-01 4.1E-05 2.5E-05 

Ail Species 
Chromium 4.86E-01 5.0E-01 3.0E-05 1.8E-05 

Total Cancer Risks 

Fish 
COPC Ingestion 

Carp 
Chromium 9.4E-05 

Largemouth Bass 
Chromium 6.6E-05 

All Species 
Chromium 4.8E-05 



Table 47 

Calculatlon of Cancer Risks from Trichioroethylene - Mutagenic Mode of Action - Future Residential Exposure to Groundwater 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

Tapwater Ingestion Risk 

Where: 

l' IKW X n X EF X ED X C F '| i' IKW x H x EF x ED x C F 'i 
Rifk=EPC xZ I xCSF^d,,^,, XADAF . ^ . NHL 

Dermal Contact Risk 

Where: 

Pirk = 
['.-.fX'Hilx E".' ['.-.ex'Hilx E".' 

Exposure Parameters (by age Interval, I) Exposure Parameters (by age Interval, I) 
Parameter Units 0-<2 2-<6 6-<16 16-<26 Parameter Units 0-<2 2-<6 6-<16 16-<26 

ERG See Below DAevent mg/cm'-event See Below 
IRW 
Fl 

L/day 0.78 0.78 2.5 2.5 EV event/day 1 1 
unltless 1 1 1 1 SA 6378 8378 20900 20900 

CF 
EF 

mg/pg 1E-03 1E-03 1E-03 1E-03 EF days/year 350 350 350 350 
days/year 350 350 350 350 ED years 10 10 

ED 
BW 
AT 

years 10 10 BW ka. 15 15 80 80 
ka. 15 15 80 80 AT days 25550 25550 25550 25550 
days 25550 25550 25550 25550 CSF, (mg/kg-day) 9.3E-03 

CSF, (mg/kg-day) 9.3E-03 ADAF unltless 10 
ADAF unltless 10 CSF„^.,., (mg/kg-day) 3.7E-02 
CSF„..,., (mg/kg-day) 3.7E-02 

COPC 
EPC 

(Mg/L) 
Tapwater Ingestion Risks 

0-<2 2-<6 6-<16 16-<26 COPC 
DAevent 

(mg/cm^-event) 
Dermal Contact Risks 

0-<2 2-<6 6-<16 16-<26 
Shallow 

Trichioroethylene | 1.99E-I-00 3.7E-07 3.7E-07 5.5E-07 3.9E-07 Trichioroethylene 3.98E-08 6.0E-08 6.0E-08 9.2E-08 6.6E-08 
Deep 

^richloroeWi^len^^^^^SOE^O^ 1.1E-07 1.1E-07 1.6E-07 1.1E-07 ^richloroeWi^len^ 1.15E-08 1.7E-08 1.7E-08 2.7E-08 1.9E-08 

Total Cancer Risks 

Tapwater Dermal 
COPC Ingestion Contact Total 

Shallow 
Trichioroethylene 1.7E-06 2.8E-07 2.0E-06 

Deep 
Trichioroethylene 4.9E-07 8.1E-08 5.7E-07 



Table 48 

Calculatlon of Cancer Risks from Trichioroethylene - Mutagenic Mode of Action - Future Residential Exposure to Groundwater 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

Tapwater Ingestion Risk 

Where: 

IF.'.V *FI X EF X IF.'.V xFI X EFx 

Dermal Contact Risk 

Where: 

Pi.4 = 
D.Fc.'aili E" I .'k I EF I EC' E'.Fi^.'flili E" I .'k I EF I EC' 

Exposure Parameters (by age Interval, I) Exposure Parameters (by age Interval, I) 
Parameter Units 0-<2 2-<6 I 16-<26 Parameter Units 0-<2 2-<6 16-<26 

ERG See Below DAevent mg/cm'-event See Below 
IRW 
Fl 

L/day 0.78 0.78 2.5 EV event/day 1 1 
unltless 0.5 0.5 0.5 SA 6378 8378 20900 

CF 
EF 

mg/pg 1E-03 1E-03 1E-03 EF days/year 350 350 350 
days/year 350 350 350 ED years 

ED 
BW 
AT 

years BW ka. 15 15 80 
ka. 15 15 80 AT days 25550 25550 25550 
days 25550 25550 25550 CSF, (mg/kg-day) 9.3E-03 

CSF, (mg/kg-day) 9.3E-03 ADAF unltless 10 
ADAF unltless 10 CSF„..,., (mg/kg-day) 3.7E-02 
CSF„..,x, (mg/kg-day) 3.7E-02 

COPC 
EPC 

(Mg/L) 
Tapwater Ingestion Risks 

0-<2 2-<6 16-<26 COPC 
DAevent 

(mg/cm^-event) 
Dermal Contact Risks 

0-<2 2-<6 16-<26 
Shallow 

Trichioroethylene | 1.99E-I-00 1.8E-07 1.8E-07 1.8E-07 II Trichioroethylene | 2.88E-08 4.4E-08 4.4E-08 4.3E-08 
Deep 

J^richloroeth^ ^richloroeWi^len^^^^^SOE^O^ 5.4E-08 5.4E-08 5.2E-08 8.39E-09 1.3E-08 1.3E-08 1.3E-08 

Total Cancer Risks 

Tapwater Dermal 
COPC Ingestion Contact Total 

Shallow 
Trichioroethylene 5.5E-07 1.3E-07 6.8E-07 

Deep 
Trichioroethylene 1.8E-07 3.8E-08 2.0E-07 



Table 4gR 

Summary of Soil Cancer Risks and Hazard indices 
Smokey Mountain Smelters 

Knoxviile, Tennessee 

Exposure Unit/ 
Receptor 

Cancer Risk 

Total 

Hazard Index 

Total 
Exposure Unit/ 

Receptor 
Soil 

Ingestion 
Dermal Contact 

with Soil 
inhalation o1 

Particulate/VOCs Total 
Soil 

Ingestion 
Dermal Contact 

with Soil 
Inhalation of 

Particulate/VOCs Total 

RME 
On-Site 

On-Site Worker 1.2E-05 1.1E-06 4.8E-08 1.3E-05 0.3 0.01 0.002 0.3 
Trespasser 6.7E-06 3.4E-07 1.1E-08 7.1E-06 0.2 0.008 0.0003 0.3 

Recreational Child 4.3E-05 5.3E-07 1.3E-08 4.3E-05 2 0.02 0.0004 2 
Recreational Adult 4.3E-06 4.3E-07 9.0E-09 4.8E-06 0.2 0.005 0.0004 0.2 

Construction Worker 1.6E-06 1.5E-07 1.4E-08 1.8E-06 0.9 0.02 0.002 1 
Age-Adjusted Resident 1.6E-04 4.7E-06 1.9E-06 1.6E-04 NA NA NA NA 

Adult Resident NA NA NA NA 0.4 0.02 0.007 0.5 
Child Resident NA NA NA NA 5 0.09 0.007 5 

Flenn ken Branch 
On-Slte Worker 9.6E-06 7.7E-07 3.6E-08 1.0E-05 0.2 0.005 0.001 0.2 

Trespasser 5.5E-06 3.1E-07 8.7E-09 5.9E-06 0.2 0.004 0.0002 0.2 
Recreational Child 3.3E-05 9.0E-07 1.0E-08 3.4E-05 1 0.01 0.004 1 
Recreational Adult 2.9E-06 2.9E-07 6.8E-09 3.2E-06 0.1 0.002 0.004 0.1 

Construction Worker 1.0E-06 7.7E-08 1.4E-09 1.1E-06 0.7 0.01 0.02 0.8 
Age-Adjusted Resident 1.4E-04 3.0E-06 5.5E-07 1.4E-04 NA NA NA NA 

Adult Resident NA NA NA NA 0.3 0.007 0.07 0.4 
Child Resident NA NA NA NA 4 0.04 0.07 4 

CTE 
On-Site 

On-Site Worker 1.4E-06 4.6E-08 5.8E-09 1.4E-06 0.08 0.0009 0.0004 0.08 
Trespasser 1.7E-06 2.4E-08 2.8E-09 1.7E-06 0.06 0.0006 0.00009 0.06 

Recreational Child 5.3E-06 8.8E-08 3.3E-09 5.4E-06 0.2 0.003 0.0001 0.2 
Recreational Adult 2.4E-07 1.4E-08 1.0E-09 2.6E-07 0.02 0.0004 0.0001 0.02 

Construction Worker 1.2E-07 2.4E-08 3.5E-09 1.5E-07 0.08 0.004 0.0004 0.08 
Age-Adjusted Resident 6.6E-05 6.0E-07 1.9E-07 6.7E-05 NA NA NA NA 

Adult Resident NA NA NA NA 0.2 0.002 0.005 0.2 
Child Resident NA NA NA NA 2 0.02 0.005 2 

Flenn ken Branch 
On-Site Worker 1.2E-06 3.1E-08 4.3E-09 1.2E-06 0.06 0.0003 0.0003 0.06 

Trespasser 1.4E-06 2.2E-08 2.2E-09 1.4E-06 0.04 0.0003 0.00006 0.04 
Recreational Child 4.1E-06 1.1E-07 2.6E-09 4.2E-06 0.1 0.002 0.0009 0.1 
Recreational Adult 1.6E-07 9.4E-09 7.6E-10 1.7E-07 0.01 0.0002 0.0009 0.01 

Construction Worker 7.7E-08 1.3E-08 3.6E-10 9.1E-08 0.2 0.002 0.004 0.2 
Age-Adjusted Resident 5.1E-05 3.7E-07 1.5E-07 5.1E-05 NA NA NA NA 

Adult Resident NA NA NA NA 0.2 0.001 0.04 0.2 
Child Resident NA NA NA NA 2 0.01 0.04 2 
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Table 50 

Summary of Groundwater Cancer Risks and Hazard indices 
Smokey Mountain Smelters 

Knoxviile, Tennessee 

Exposure Unit/ 
Receptor 

Cancer Risk 

Total 

Hazard index 

Total 
Exposure Unit/ 

Receptor 
Tapwater 
ingestion 

Dermal Contact 
with Groundwater 

inhalation o1 
VOCs Total 

Tapwater 
ingestion 

Dermal Contact 
with Groundwater 

Inhalation of 
VOCs Total 

RME 
Shallow Groundwater 

On-Site Worker 3.1E-04 — ~ 3.1E-04 199 ... 199 
Age-Adjusted Resident 8.6E-04 5.0E-04 2.8E-09 1.4E-03 ._ ... ~ 

Adult Resident ... — ~ — 279 16 0.000068 296 
Child Resident ... — ~ — 465 22 ... 487 

Deep Groundwater 
On-Site Worker 2.7E-04 — ~ 2.7E-04 132 ... ... 132 

Age-Adjusted Resident 6.9E-04 1.0E-03 1.1E-09 1.7E-03 ... ... ... ~ 
Adult Resident ... — ~ — 185 26 0.000040 211 
Child Resident ... — ~ — 307 38 ... 345 

Shallow Groundwater 
On-Site Worker 3.7E-05 — ~ 3.7E-05 50 ... ... 50 

Age-Adjusted Resident 3.0E-04 1.6E-04 1.0E-09 4.6E-04 ._ ... ~ 
Adult Resident ... — ~ — 140 8.7 0.000068 148 
Child Resident ... — ~ — 232 12 ... 245 

Deep Groundwater 
On-Slte Worker 3.2E-05 — ~ 3.2E-05 33 ... ... 33 

Age-Adjusted Resident 2.3E-04 4.2E-04 4.1E-10 6.5E-04 ... ... ... ~ 
Adult Resident ... — ~ — 92 16 0.000040 109 
Child Resident ... — ~ — 154 26 180 



Table 51 

Summary of Fish Ingestion Cancer Risks and Hazard indices 
Smokey Mountain Smelters 

Knoxviile, Tennessee 

Exposure Unit/ 
Receptor 

Cancer Risk Hazard index 
Exposure Unit/ 

Receptor 
Fish 

ingestion 
Fish 

ingestion 

RME 
Knob Creek - Carp 

Adult Angler 2.5E-03 45 
Child ^gler 1.8E-03 119 

Knob Creek - Largemouth Bass 
Adult Angler 2.7E-04 5.8 
Child Angler 3.8E-04 15 

Knob Creek - All Species 
Adult Angler 2.4E-03 46 
Child Angler 1.7E-03 122 

CTE 
Knob Creek - Carp 

Adult Angler 6.3E-04 11 
Child ^gler 4.6E-04 30 

Knob Creek - Largemouth Bass 
Adult Angler 6.7E-05 1.5 
Child Angler 9.5E-05 3.9 

Knob Creek - Ail Species 
Adult Angler 6.1E-04 11 
Child Angler 4.2E-04 31 



Table 52 

Summary of Inhalation Cancer Risks and Hazard Indices 
Smokey Mountain Smelters 

Knoxvilie, Tennessee 

Exposure Unit/ 
Receptor 

Cancer Risk Hazard Index 
Exposure Unit/ 

Receptor Inhalation Inhalation 

RME 
On-Site Worker 8.3E-04 15 

Resident 3.6E-03 63 

On-Site Worker 1.0E-04 1.8 
Resident 1.4E-03 24 



Table 53R 

Summary of Cumulative Cancer Risks and Hazard indices 
Smokey Mountain Smelters 

Knoxviiie, Tennessee 

Exposure Unit/ 
Receptor 

Cancer Risk Total 
Cancer 

Risk 

Hazard Index Total 
Hazard 
Index 

Exposure Unit/ 
Receptor Soil Groundwater Soil Gas 

Total 
Cancer 

Risk Soil Groundwater Soil Gas 

Total 
Hazard 
Index 

RME 
On-Site - Shallow 

On-Site Worker 1.3E-05 3.1E-04 8.3E-04 1.2E-03 0.3 199 15 215 
Aqe-Adjusted Resident 1.6E-04 1.4E-03 3.6E-03 5.2E-03 NA NA 63 63 

Adult Resident NA NA NA NA 0.5 296 NA 296 
Child Resident NA NA NA NA 5 487 NA 492 

On-Site - Deep 
On-Site Worker 1.3E-05 2.7E-04 8.3E-04 1.1E-03 0.3 132 15 147 

Age-Adjusted Resident 1.6E-04 1.7E-03 3.6E-03 5.5E-03 NA NA 63 NA 
Adult Resident NA NA NA NA 0.5 211 NA 211 
Child Resident NA NA NA NA 5 345 NA 350 

Flenniken Branch - Shallow 
On-Site Worker 1.0E-05 3.1E-04 8.3E-04 1.2E-03 0.3 199 15 215 

Aqe-Adjusted Resident 1.4E-04 1.4E-03 3.6E-03 5.1E-03 NA NA 63 NA 
Adult Resident NA NA NA NA 0.5 296 NA 296 
Child Resident NA NA NA NA 5 487 NA 492 

Flenniken - Deep 
On-Site Worker 1.0E-05 2.7E-04 8.3E-04 1.1E-03 0.3 132 15 147 

Aqe-Adjusted Resident 1.4E-04 1.7E-03 3.6E-03 5.5E-03 NA NA 63 NA 
Adult Resident NA NA NA NA 0.5 211 NA 211 
Child Resident NA NA NA NA 5 345 NA 350 350 

On-Site - Shallow 
On-Site Worker 1.4E-06 3.7E-05 1.0E-04 1.4E-04 0.08 50 2 52 

Age-Adjusted Resident 6.7E-05 4.6E-04 1.4E-03 1.9E-03 NA NA 24 24 
Adult Resident NA NA NA NA 0.2 148 NA 148 
Child Resident NA NA NA NA 2 245 NA 247 

On-Site - Deep 
On-Site Worker 1.4E-06 3.2E-05 1.0E-04 1.3E-04 0.08 33 2 35 

Aqe-Adjusted Resident 6.7E-05 6.5E-04 1.4E-03 2.1E-03 NA NA 24 NA 
Adult Resident NA NA NA NA 0.2 109 NA 109 
Child Resident NA NA NA NA 2 180 NA 182 

Flenniken Branch - Shallow 
On-Site Worker 1.2E-06 3.7E-05 1.0E-04 1.4E-04 0.06 50 2 52 

Aqe-Adjusted Resident 5.1E-05 4.6E-04 1.4E-03 1.9E-03 NA NA 24 NA 
Adult Resident NA NA NA NA 0.2 148 NA 148 
Child Resident NA NA NA NA 2 245 NA 246 

Flenniken - Deep 
On-Site Worker 1.2E-06 3.2E-05 1.0E-04 1.3E-04 0.06 33 2 35 

Age-Adjusted Resident 5.1E-05 6.5E-04 1.4E-03 2.1E-03 NA NA 24 NA 
Adult Resident NA NA NA NA 0.2 109 NA 109 
Child Resident NA NA NA NA 2 180 NA 182 

*Note that only the on-site wot1<er and resident receptors were evaluated for more than one exposure medium. The cancer risks and 
hazard indices for the remaining receptors are presented in Tables 49 through 52. 
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Table 54R 

Summaty of COC Exceedances - Soil 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

Receptor Scenario 
Exposure Unit/ Recreational User Construction Resident 

Receptor On-site Worker Trespasser Child Adult Worker Age-Adjusted Child Adult 

On-site 
2,3,7,8-TCDD TEQ C C C 

PCB-1232 
Arsenic C C C C C 

Chromium c C c c 
Flennlken Branch 

Benzo(a)pYrene C C 
2,3,7,8-TCDD TEQ C 

Arsenic c c C c C 
Chromium c c c c 
Thallium 1 NC 

1 ^ 1 
On-site 

2.3,7,8-TCDD TEQ C 
Arsenic c C 

Chromium c c c C 
Flennlken Branch 

Benzo(a)Dvrene C 
Arsenic C 

Chromium c C 

Note that shaded cells Indicate a carcinogenic risk exceeding 1E-04 or a total HI exceeding 1.0. 
C = Carcinogenic risk exceeding 1E-06. 

NO = Noncancer HQ exceeding 1.0 
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Table 55 

Summary of COC Exceedances - Groundwater 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

Receptor Scenario 1 
Exposure Unit/ 1 Resident 1 

Receptor On-SHe Worker 1 Age-Adjusted j Child 1 1 
1 Shallow H 

2.4-Dlnltrotoluene C c II 
4,4-DDT c 1 
Benzene 1 

blsl2-Ethvlhexvll ohthalate 
Chloroform C c 1 

Dieldrin C c 
Pentachlorophenol C c 

Trichloroethene c 

Antimony 1 1 III 

Beryllium 
Cadmium 
Chromium 

Cobalt 
Cyanide 

Manaanese • NC 1 
Mercury 1 • NC J 

Molybdenum 
Nickel • NC 1 

Thallium • NC 1 
Zinc 

Oeei 0 U 
1,2-Dlchloroethane c 1 1 
2.4-Dlnltrotoluene C c 1 
2.6-Dlnltrotoluene C c 1 

bls(2-Ethvlhexvll ohthalate 
Dieldrin C c 1 1 

Heotachlor Epoxide C c 1 
Pentachloroohenol C c D 

Arsenic 
Chromium c 1 G 1 i 
Cyanide • NC 

Manaanese • NC NC 
Molybdenum H NC NC 

Thallium NC 1 NC NC 

Shallow 
2.4-Dlnlb'otoluene c 1 c 1 1 

bls(2-Ethvlhexvl) ohthalate 
Chloroform C 

Dieldrin c 
Pentachloroohenol C c 

Aluminum m 
Arsenic C c 

Cadmium 
Chromium c 

Cobalt 
Cyanide 

1 Nickel 1 1 1 1 n 
II Thallium 1 1 1 NC 1 
II Zinc 1 NC 1 
II Deei II 

2.4-Dlnltfotoluene c c II 
2.6-Dlnltrotoluene c c H 

blsl2-Ethvlhexyll ohthalate 
Dieldrin c 

Heotachlor Epoxide c 
Pentachloroohenol c 

Arsenic c c 
Chromium c 

Cobalt 1 1 
Manaanese • NC 1 • NC 1 NC 

Thallium Thallium 

Note that shaded cells ndicate a cardrntgenic risk exceeding 1E-04 c 
C = Carcinogenic risk exceeding 1E-06. 
NO = Noncancer HQ exceedhg 1.0 

a lot^ HI exceedhg 1.0. 



Table 56 

Summary of COC Exceedances - Fish 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

Receptor Scenario 
Exposure Unit/ Angler 

Receptor Child Adult 

Knob Creek Caro 
2.3.7.8-TCDD TEQ C and NC C and NC • 

PCB DIoxIn-IIke Congener TEQ C and NC C and NC I 
PCB-1260 c r 1 

Arsenic c c 1 
Largemouth Bass 

2.3.7.8-TCDD TEQ c 
PCB DIoxIn-IIke Congener TEQ 

PCB-1260 c c 
Chromium c 
Mercury 

All Species 
2.3.7.8-TCDD TEQ Cand i^lC ^ anu iNk^ J 

PCB DIoxIn-IIke Congener TEQ C and NC C and NC 1 
PCB-1260 C C 1 

Arsenic c c 
Chromium — c c 
Mercurv NC 

1 CTE I 
Knob Creek Caro 

2.3.7.8-TCDD TEQ C and NC— c 
PCB DIoxIn-IIke Congener TEQ C and NC 

PCB-1260 C c 1 
Arsenic c c 

Chromium c c 
Largemouth Bass 

2.3.7.8-TCDD TEQ c c 
PCB DIoxIn-IIke Congener TEQ C and NC c 

PCB-1260 c 
Chromium c C 

All Species 
2.3.7.8-TCDD TEQ C and NC " c 

PCB DIoxIn-IIke Congener TEQ C and NC 
PCB-1260 C C 1 

Arsenic C c 
Chromium c c 

Note that shaded cells Indicate a carctnogenic risk exceeding 1E-04 era total HI exceeding 1.0. 
C = Carcinogenic risk exceeding 1E-06. 
NO = Noncancer HQ exceeding 1.0 



Table 57 

Summary of COC Exceedances - Soil Gas 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

Exposure Unit/ Receptor Scenario 
Receptor On-Slte Worker Resident 

1.1-Dlchloroethane C • .c 1 
1,2-Dlchloroethane 

Benzene C c 
Chloroform c c 

Ethvlbenzene — 

1,1-Dlchloroethane c Q 1 
Benzene — c 

Chloroform — c 
Chloromethane — 
Ethylbenzene — c 

Note that shaded cells Indicate a carcinogenic risk exceeding 1E-04 or a total HI exceeding 1.0. 
C = Carcinogenic risk exceeding 1E-06. 
NO = Noncancer HQ exceeding 1.0 



Table 58 

Summary of Soil Remedial Goal Options - Residential Soil Exposure 
Smokey Mountain Smelters 

Knoxviiie, Tennessee 

Soil RGOs^ (units in mg/kg) 
Chemical of Concern^ Exposure Cancer-Based Noncancer-Based 

Unit 1E-06 1E-05 1E-04 0.1 1 3 
Chromium On-Site 0.3 3 30 — ... ~ 
rhallium Flenniken Branch ... ~ — 0.08 0.8 2 

'p.;-.;.: i.ji-i ..ii PiJE i-:i.|-ii|i:ii - Ijr_ :ijlii|.||. .|i : 

iF.iiJ ll..|i. 'III. -

i;ir,|_l ,,r.|:iii. ii — III. HI: .|i-:i|-i Ihjn I II lEF ' 



Table 59 

Summary of Soil Remedial Goal Options - On-Site Worker Soil Exposure 
Smokey Mountain Smelters 

Knoxville, Tennessee 

Soil RGOs^ (units in mg/kg) 
Chemical of Concern^ Exposure Cancer-Based Noncancer-Based 

Unit 1E-06 1E-05 1E-04 0.1 1 3 

Chromium On-Site 7 65 654 350 37 0.1 

'F F IJE , ,||. : || 1| 1 'iui- j: :ijiii|.|i. .11: 

: II, |.|, 1 iF.iiJ ll..|i. 'III. -

i;ir,|_l ,,r.|:iii. ii — III. Hi: .|I-jl-i |h jii I II lEF ' 



Table 7-2 
Summary of Groundwater Remedial Goal Options - Residential Use of Groundwater 

Smokey Mountain Smelters 
Knoxviiie, Knox County, Tennessee 

Groundwater Remedial Goal Options^ (units in |ig/L) 

Groundwater Cancer-Based Noncancer-Based MCL' 
Chemical of Concern^ Depth lE-06 lE-05 lE-04 0.1 1 3 (fig/L) 

Aluminum Shallow NA NA NA 1,997 19,967 59,900 NA 

Ammonia Shallow NA NA NA NA 30,000^ NA NA 

Arsenic Shallow, Deep 0.05 0.5 5 0.6 6 18 10 
Chromium Shallow, Deep 0.04 0.4 4 NA NA NA 100 
Cobalt Shallow, Deep NA NA NA 0.6 6 18 NA 
Fluoride Shallow NA NA NA NA NA NA 4,000 
Manganese Shallow, Deep NA NA NA 43 433 1,300 NA 
Mercury Shallow NA NA NA 0.6 6 17 2 
Molybdenum Shallow, Deep NA NA NA 10 100 300 NA 
Nickel Shallow NA NA NA 39 392 1,177 NA 
Nitrate/Nitrite Shallow NA NA NA NA NA NA 10,000 
Pentachlorophenol Shallow, Deep 0.2 2 21 10 100 301 1 
rhallium Shallow, Deep NA NA NA 0.02 0.2 0.6 2 
Zinc Shallow NA NA NA 600 6,001 18,002 NA 

Notes 

' RGOs based on RME residential exposure assumptions. 

' Per EPA Region 4 guidance, carcinogenic chemicals of concern (COCs) selected based on risks in exceedance of lE-04. Noncancer COCs selected based on HQs 
in exceedance of 1 and/or contributing to target organ-specific His greater than 1.0 (EPA, 2000). 

MCL - Maximum contaminant level 

EPA Lifetime Health Advisory 

NA - Not applicable 

1 of 1 
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Figure 4-1 
Human Health Conceptual Site Model 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 
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Appendix A 
Surface \\ ater Ex aluation 

Siiiokey Mountam Smelters 
Kiioxxille, Teiuiessee 

As noted in Section 4. based on the minimum likelihood of human health exposure to 

surtace water and the low levels observed in the available surtace water data, the surtace 

water contact exposure scenarios were eliminated from consideration. This risk-based 

surtace water screening evaluation was the basis of that detennination. 

Based on the minimum likelihood of human health exposure to surtace water on-site iind 

along Flenniken Briinch. it was assumed that the surtace water contact exposure scenarios 

for these EAs should be eliminated from consideration in the HHRA. To account for 

potential human health exposure to surtace water in the Knob Creek Embayment. a risk-

based surtace water screening evaluation was perfonned. 

Tliere were 9 surtace water smnples collected within Knob Creek Embayment. Several 

VOCs and inorgiinics were detected in Knob Creek surtace water. Table presents a 

summaiy of the anal\1es detected in surtace water collected from Knob Creek, the 

screening toxicity value, and whether the maximum detected concentration exceeded the 

screening toxicity value, l^pdated National Recommended Water Quality Criteria 

(WQC) (EP.A. 2014e) were used as the primaiy reference for the screening toxicity value. 

In the absence of a WQC. a site-specitlc surtace water value for recreational exposure 

was calculated using the EP.A on-line RSL calculator (EP.A. 2015c) and input values used 

are as noted on Table .\-2. 

AW of the detected chemicals were below the screening value, with the exception of 

arsenic and niiingiinese. The ratios of the maximum detected concentrations to the RSLs 

for arsenic iind manganese were 178 and 4.4. Tlie ratios calculated from comparisons of 

soil, groundwater, and fish concentrations with their RSLs were either simihu* or much 

greater (groundwater). .Additionally, the WQCs were used as a primaiy reference. If 

site-specific RSLs were used as screening toxicity values, mangiinese would not be a 

COPC and the arsenic ratio would be 1.6. Erom this, it is cleiu* that the contribution to 

risks from the surtace water pathway would be very small compared to the risks from 



other pathways. Considering the minimal likelihood of human exposure to surtace water 

and that the contribution to overall risk would be minimal, the surtace water pathway was 

not quantitatively evaluated further in this risk assessment. 



Table A-1 
Occurrence, Distribution, and Selection of Contaminants of Potential Concern - Surface Water 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 
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Table A-2 
Site-Specific Recreator Equation Inputs for Surface Water 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

variable value 
TR (target cancer risk) unitless 0.000001 
EOrecw (exposure duration - recreator) year 2b 
EDrecwa (exposure duration - adult) year 20 
EDrecwc (exposure duration - child) year b 
EDO.2 (mutagenic exposure duration) year 2 
ED2^ (mutagenic exposure duration) year 4 
EDe.ie (mutagenic exposure duration) year 10 
EDI6-3O (mutagenic exposure duration) year 10 
THQ (target hazard quotient) unitless 0.1 
LT (lifetime - recreator) year 70 
EF (exposure frequency) day/year 104 
EFrecwa (adult exposure frequency) day/year 1U4 
EF,ecwc (child exposure frequency) day/year 1U4 
EFO.2 (mutagenic exposure frequency) day/year 1U4 
EF2.6 (mutagenic exposure frequency) day/year 1U4 
EFe.ie (mutagenic exposure frequency) day/year 1U4 
EF16-30 (mutagenic exposure frequency) day/year 1U4 
ETrecw-adj (age-adjusted exposure time) hour/event 2 

ETrecw-msdi (mutagenic age-adjusted exposure time) 2 
ETrecwa (adult exposure time) hour/event 2 
ETrecvw: (chlld exposure time) hour/event 2 
ETrecwO-2 (mutagenic exposure time) hour/event 2 
ETrecw2-6 (mutagenic exposure time) hour/event 2 
ETrecw6-i6 (mutagenic exposure time) hour/event 2 
ETrecwis^ (mutagenic exposure time) hour/event 2 
EVrecwa (adult) events/day 1 
EVrecvw: (chlld) events/day 1 
EVo^ (mutagenic) events/day 1 
EV2.6 (mutagenic) events/day 1 
EV6.16 (mutagenic) events/day 1 
EVie^ (mutagenic) events/day 1 
BWfecwc (body weight - child) kg lb 
BWrecwa (body Weight - adult) kg 80 
BWoj (mutagenic body weight) kg lb 
BW2-6 (mutagenic body weight) kg lb 
BWe-ie (mutagenic body weight) kg 80 
BW16-30 (mutagenic body weight) kg 80 
BArecwc (skin surface area - child) cm ** bb/B 
BArecwa (skin surface area - adult) cm** 20900 
SAo^ (skin surface area - mutagenic) cm' bb/8 
SA2.6 (skin surface area - mutagenic) cm' bb/8 
BA6.16 (skin surface area - mutagenic) on ** 20900 
SA-ie^ (skin surface area - mutagenic) cm** 20900 
SAo^ (mutagenic skin surface area) cm bb/8 
SA2.6 (mutagenic skin surface area) cm bb/8 
BA6.16 (mutagenic skin surface area) cm** 20900 
SA-ie^ (mutagenic skin surface area) cm** 20900 
IFWrec-adj (age-adjusted water intake rate) L/kg b./b 

IFWMrec-adi (mutagenic age-adjusted water intake rate) 27.387 
DFWrec-ad] (age-adjusted dermal factor) cm''-event/kg 808/24.8 

DFWMrec-s(fi (mutagenic age-adjusted dermal factor) cm ' 2501865.6 
IF^Wrecwa (water intake rate - adult) L/hr U.Ub 
IRWrecwc (water intake rate - child) L/hr U.Ub 
IRWO.2 (mutagenic water intake rate) L/hr U.Ub 

IRW2_6 (mutagenic water intake rate) L/hr 0.05 

IRW6.16 (mutagenic water intake rate) L/hr 0.05 

IRWiftjo (mutagenic water intake rate) L/hr 0.05 

Isc (apparent thickness of stratum corneum) cm 0.001 

Output generated 18FEB2015:13;05:42 
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ThiN rvcarrmanddicna va baaad lyan 9ia raaula of tha amjladan itudiaa aimniritad in Sn^ 8fi^ and lad GOOS 

•id 8lngh md dln^ Far adddeaid Inal^ tha laar wartta aonaiit a vtadiddiii. 
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Nota: Suggastions regarding tha saiadion of a 85% UCLara prMdad tohaiptha usar to salad tha most appropriate 85% UCL. 
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Ganarel UCL Sttf istics for Data SatSMth Nen-Datads 
UsarSaladad Options 

Fr..n, Fil-

Fijll Fi- i:i"n 

Ganarai Statistios 

Raw StaDsl'ios Log-iransTormtd Slalistics 
tif iin ii jn 1 Jji.ii.i t liriiniijni • •! L' "1 C'H J 1. 

t r iniiini Ixi.ii.ii.i 

tl-rfi ll":.':):' t t-rfi • •! !• "1 C'ri •i :o: 

!• tl-rfi lO":''):: [..i 1) J 0 

I l-i|ijri I 1000 

![• JO:: 

Ralavant UCL Statistios 
Normal Distribution Tast Lognormoi Distribution Tast 

Data appaar Normal at 5% SignKicenoa Laval 

Assurring Normal Distribution 
OO'*. iiijii-fii':-! IJ: 

S5% LiCL^ ^djustad for Slsiwnass) 
•IF'*. -.||IJ:I-.|-:LT IJ:L 'Oli-n-lOO 

OF'*. I !• ..Iili-il-i IJ: L ' .!• Jiri:' <1-1 0" 

Data appaar Lognormai d 5% Significanot Laval 

Assuming Logncrmai Distribution 
OF'4. H-I 

.1 I IJEJ I 

.1 I IJE. I 

.1 I ijE. I 

Gamma Distributicn Tast 
J JJJ 

Tl,-i 

I ILE 

I jr„| jr,| [-

Data Distribution 
Data appaar Normal at 5% Signifioenoa Laval 

-(ijif' • ifiiH- '! til : 'lUM- Nonparamatrio Statistics 
-,|in:,_,|L- :i,|nili.,jn.- OOjOl OF'*. 'XT IJ L 1 xoi 

-,iiii:i-,i •;III 1 i|ijjr- jiij- 00 OF'*. ,lj. l-l-riil- iJ' L liO"" 

OF'*. :iMi.lrl.lE....i:ilr|.lJ' L liF": 

-inl-r :• .fi-C'jiiiini T-:i 11 jii :ii. 0 J"" OF'*.E....i:llr|..ilJ' L iro: 
-n,|-r:..n.['1.11111,1 F'*. .IJH,. jl jlij- li " jO OF'*. Hjii': E... .1 :n ri' 'J' L liFJ" 

1 • .Ini. .ii. .f.. - 1 Iiiiiii'. T-:i : 1 jii:ii. 0 1 00 OF'*.F-r.-niil-E....i:irr|.iJ' L IIF::: 

1 . .Ini. .ii. IIIIIII' • F'4. '! nil. .jl jln- 0 O OF'*. E - E ... .1 :n M' IJ' L IXJO 

Dda appaar QarrniB Distributed d 5% Significanoa Laval 00'*. .:ii_|, :ii_ ,1 |_jn IJ. L rioo 
0'*. .:ii_|, :ii_ ,1 |_jn IJ. L lOFO" 

Assurring Gamma Distribution 
iF'*. in, .1- •OMiinir IJ:L iiJ:- n.ti-n n = JO, IJOi 

OF'- ,||I|-1-,| •: jninij IJ'! L iiJ:- .-.li-ii Ii JO I IFII 

Polantlai UCL to Usa 

Nota: Suggastions regarding tha saiadion of a 85% UCLara prMdad tohaiptha usar to salad tha most appropriate 85% UCL. 
These racemnsanddions are based upon tha results d tha simuidion studies surrmarizad in Singh, Singh, and lad ̂ 002) 

and Singh and Singh (2003). Foradditiond insight, tha usar mcy want tooonsult a statistidan. 

Nota: For highly nagativa-skawad dda, confidanoa iirrits 
(e.g., Chan, Johnson, Lognormai, and Gamma) may nd be 

raiiabia. Chan's and Johnson's methods prwida 
adjustrrwntsfor positvaiy skewed dda sets. 
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\ liliiliiijlii J I 

( inmni l":. 

( 1-i)irri J 
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OO'U ilrli'lrl'l E""l:llr|' LKL 0 OOO 

OO'U E—ijfri'U IJ'OL 10 :o 

OO'u Hrir: E ""I :n rj iJ'! L lO Oi 
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:L 10 00 
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X IJ IJ 
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Polantlai UCL to Usa 

Nota: Suggastions ragardingtha saiadion of a 95% UCLara prMdad tohaiptha usar to salad tha most apprcpriata 95% UCL. 
Thasa racommanddions ara basad upon tha rasults d tha simulation studias surrmarizad in Singh, Singh, and lad ̂ 002) 

and Singh and Singh (2003). For additional insight, tha usar may want to consult a statistidan. 
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Log-transfofmad Statistics 
(iiiiiii IIJII I ['"I -• i-i) 

( 1r III IIJII I C'-l-' 1-i| 
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it is ranrrmandad to hM 10-15 or mora distind obsarvationsfor accurata and maaningfui rasuits. 

UCL Statistios 
Monrai Distribution Tast with Datadad Vaiuas Oniy 
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Dda Distribution Tast Mth Datadad Vaiuas Only 
Dda appaar Gamma Distributad at 5K SignKieanoa Lavai 
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Dda appaar Gamma Distributad at 5K Significanoa Lavai 

Assuming Gamma Distribution 
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:[| 

Nonpararrtatrio Statistics 
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L 1) 1 5 
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L 1) 1 cii;, 

L 0 III 

L ULUO 

L 0 LO'L 
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j rii III ir - (i(ii' • III - 'J'! L I 'J.-.'i-ii II = J 01 
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Mota: DL/2 is not a racommandad mathod. 

Pdantiai UCLs to Usa 
Iji^.n. I I I,EL - , IJLL 

Mota: Suggastions ragardingtha saiadion of a 85% UCL ara prMdad tohaiptha usarto salad tha most appropriata 85% UCL. 
Thasa racommanddions ara basad upon tha rasuits d tha simulation studias surrmarizad in Singh, Maidiia, and Laa ̂ 006). 

For additional insight, tha usarmay wanttooonsult a statistidan. 
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Warirg: (^m v m VA RVBMR UC Lji) M 

; I« ^13" «p 0'« ; «l« or' i4-F''''iiiL4i«ci *te]i l'4cil«'>'4i ' «l« 

MtjC^ «.ei« E > 

II -



I ' I ' r 

I I C'4« I 

( L [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, 11 c- »vft¥ilfcQOFT«l 

^ -- K* ii —ilk I ii|i «! 4l.ie 11 • F [•»!« laij 4 N i fM ".^i j ̂ »j.iii 41 

11 - UWwvQOFTvl 
^ "i LI" '4 I; ' I' 0 ^ ^' e 11 14 C •»! 9 19] C ^ 4 N I fM rr.^ "i » j .ii 1 41 

Ci«^ Ok. Ik4 Nm 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' V-f ^ 141^141 VE" I ^ 

I Ui\ .e-- miEi 

S>'-' M(iC^ «.oi« E . KM 

•F -- M( L-l ill L .J •>. M( E» nii4 

QMM QOF TaB a Daaari Ovwain CHy 
-C'T«,I |«.,|. -V >Mwi>teb«60PTM 

^ '«'i !«''« UiM9«w4riirrfQOF 

" " ^tiri^iiiV»i< y 

6M«M ftflWa ai Ou ̂  
ilti ' ' 11 k%'i 41 HLE'I ' 

It.«L4 Ui IMLEI f(i F4 Ttei4 It»4i »!« I«3 HLEI ' 

r.'lUllHLEl . 1. r»,il4ilt'4i ii«l«3l 

HLElW.lt.«; II9I9]! 1' 1" MLE >]IC»« !>«»»]! 

<imim W kMHm 

<^iM ROS ftflWa lang hpari 

I IMLEI II 1 f. k JI4I lt'« ||« I«3 HLEI 

illMLEl "1-<I. It®l4iHlt»4i •I«I«3HLEI 

r.'lUl IHLEI 

HLE »«!«]! 

»V»Vi||feQOFTal 
—li k I 11| I 4I 4I' I« 11 ' F C •»! 9 19] C ^ 4 4C C« « L tpi« I rr. ^ ^ "i 

'I,:.I'. ' "M f/i uyy.'titf T^t'' 
'4 I; I I'0 4 4-t 11 14 C•»!9 19] C^ 4 4C C«« L tpi« Irr. ^ ^ "i 

tte ipw l^wiid «5« Sr*we lad 

Lipamd HOS Mrfw Udrp hpari NwClM 

.El -E . cii< III L li 

UCU wg Ur*md •ahiiiaiay W ErfiM* idai [kaaiddua* Li^andy aahad 

[•|1 ;;teJi 

w.il .;;te3i 

• dahlia Fra UCLftaWa 



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

• L 3J«3 ["aeiil""* ['(L. 

nmnd «OPTM«teMC^ 
^,.,1. >> 1. M»MkGCFT«t 

I t'.U'.i " 1 UWOTGQFTM 

D—D—^p— Wwi^ « CT lyJi—— Imd 

M l^;*i^»UcU 
ite«' J ~A 3 E>> I 

[• e -1 .C". miEi 

-f L • -J. •^''- M( |C^ «.ei« E Mill 

•F -- M( in III L • '. •^''- M( E» nil* 

6MM 60F T«M tetiad AmMiM 

^T«;| |«,;|, 

T«^I i«no 11 N Mw^twfcittrfeop 
' i<o ^ " '' [•ei9 193 1*14 < c«4i ij*"'"'4 CniiiC»ii93 41 ^ 

(eMM^adiea Cha 64 
t 1.4 IHLEI 11 k ;I4I lt.« II« 193 HLEI 

It.eL4UiiHL£i -"ill It9i4JHit»4i •i9ie3HLEi 

<.'>UIIHLEI 1 <«m4i III*; ||« 193! 

HLE'W.IE,*; II« 193! -f HLE >3iC»« ||« »»3i 

' 6MIM' '{04Ui<y 

<yiiiM ROS ftflWM IM0 hpMd 

[• 4-1. 

I IMLEI 1 11 1 k ;I4I lt.« II« 193 HLEI 

.IIMLEI 'Jt TI«I4 lC»4; |I9I«3HLEI 

i.'lUi IHLEI 

HLE IW.lt,*; II9I93I 

60F TM tfi thaMd 64 

Uc»i -ilk T«,| .41.,I. II' »v»Vi||feQOFT«l 

'bM.9l'»Vl9^l 'n^^l'i '"M 'fj 'IMU^'QCFT^' ' 

^ S LJII .9 I, I 110 ^ ^' 9 II + C 919 193 C ^ 4 4C C9« L tpi« I rr. 9 41 ^ S 

6^^ DM apM l^rnrndmSt IviiiM Lad 

bpamd ROS MrfM Uarp hpMd NwCMM 

HI 19 14I3 Ell • 1 H 

94r.ll .;;9J| iiC .e-- h III LIMI L .;i 

[.|1;^J| 14 9 ,1 M 4l.,9lMiL3l .-^1 

94r.|1.;;9 3l x'S 

DUIhny 
(uaHM« 

djaiM-TrMiMy 

• dahlia Ftm \/CL^aMm 
f^^rdi PMVH^Il i 

dUCLaUt* 

. M(|C9 9.oi« E M,iia 



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -Fik T«,, >>'-1 »vft¥ilfcQOFT«l 
' -- K* ii —ilk I ii|i «! 4l.ie 11 i, [•»!« laij 4 N i fM ".^i j ̂ »j.iii 41 

biiF«ii^T«,, 11 1 UWwvQOFTvl 

^ "i LJII <4 I; ' I < 0 ^ ^' e " . C •»! 9 19] C ^ 4 N I fM rr.^ "i » j .ii 1 41 

Ci«^ Ok. Ik4 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.' ' ' ^ L4F^14IVE" I ^ 

I 14- .C". miEi 

-- L M(|C^ «.ei« E .KM 

* Mdrl ill L 1-1 M( E» nii4 

QMM QOF TaB VI Daaari Ovvwiv* Mr 

-C'T«,, ,«.,,. >>.4 >Mwi>teb«60PTM 

^ '«'i !«''« UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou d# 
ilti ' ' i 11 i. k%'i 41 HLE'I ' 

TK«L4UIIHLEI . Tl«i« ic»«; II9I«]MLEI 

i.'iUi IHLEI • ii4i ltF4i ||« I«3I 

HLE)W.lt.«; II9I9]! 1' ~4 MLE >]IC»« !>«»»]! 

<imim W kMHm 

QaiM ROS 9MWW arv bipja flv)-OaM 

•i«3 3«4 i«l ».« ^•1-- NC« ^'iiKrr.vi |F«3 t «< F.i 4! rT..Ji,cl« ['U 

( IMLEI II : k ii4i IIF* II« I«3 HLEI 

iilHLEi i Tl«i« ic»«; II9I«]MLEI 

,1 IMLEI .'1 il4i ltF4i II« l«3l 

i^awa COP m Da^ ̂ viavi 

uc»i ^,.,,1 M»MkfiCPT«t 

Ii —ilk I I||I 4I 4l'i« I I [•»!« 19] 4 4C C«« L •}<' I"> ^ 41 ^ 

biiF«ii^T«,, IH'J UWOTGOFTal 

LiVtaind HM Maa iUrv NVI-CMM 

UCLrwp LsBwnid •abuiv) viri IW ErfmM idw Dwid AM v» Oahad 

• ntW.l1 .;;teJl 1 .C". h II 

^['11^ y^V ^ J rVi\,l\\ h ^ 

• '< i«<l4i]Eiii I n«>4<< il tp^Ji II 

(UljfTrwIvinvri 

DLfi ii nv A ravnmirAri mtfwA BMM f« iaipvvm ad HavMd nan 

PIvvMiiab Ckvhdv) RM UCLfaWa 

bM a*M L^wnd Cbah^aSK lad 



I i I I [ I E I ' I I H I I ' I 

I I ['9< I 

( L [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, 11 4 »vft¥ilfcQOFT«l 

bii'«ii^T«,, >>.>>1 UWwvQOFTvl 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.' ' Ur^l^iVE" I ^ 

I n.c .e-.^niEi 

-f 111 -fM( |C^ «.ei« E Mill 

* M( in III L 111 M( E» nil* 

QMM QOF TaB a Daaari Ovwain CHy 

-C'T«,i i«.,i. II >Mwi>teb«60PTM 
— C'' I'll ^ *i'e " ~ ~ [•ei9 19] 1*14 < c«4i ij*"'"' * Ci;iiiC»ii9] *1 ' 

' '«'i ii'-a "1". UiM9«w4riirrfQOF 

' I'O ^ ".'~ [•ei9 19] 1*1 * <c«*i ij*"'"'* CniiiC»ii9] *1 ^ 

n Lay 

6M«M ftflWa ai Ou ̂  

1^-4 iMLt' ^ ^ ^e>j 

Ui IHLEI II ff 

UilHLEi f.-

I lt>« ii« i«] HLEI 

I lC»*; ii« i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd fl«)-OaM 

•i«3 3«* i«l t.« ^<1-- NC« ^'i|KrT.*,» |,«3 t i«i «> *1 rT..Ji,cl« C'U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt>« ii« l«] HLEI 

I IC»*; ||« I«] HLEI 

l^wH^QOFTMaC 

S«VV»Vi1feQ0FTM 

C tei 9 19] C ^ * *c c« « L ipi« I^ *1 ^ < pi I • 

UWatGQFTal 

C tei 9 19] C ^ * *c c« « L ipi« I^ *1 ^ < pi I • 

Ljatamy HM k«it<OT iUr« Nm-CMv 

UCLrwp Lsawnid •abuivtad IW ErfmM idw DmaddMa* laBamdr •ahad 
•J1tW.l1 ,;;teJ| Ji iL -f". M III LIMI L .pi HH 

• J. i,.l*i3Li, 1 

Ji C'li ppteJi 

tW.l1 .p;te3i 

II f *1 M *!.,« !• tVL Jl 

(Ultond 
.M|,J,.*I *!« 

OJZMiv 
(UljfTravlain«ri 

III e-

DLfi ii na A raaimirAri f« iaipnm ad Haaiiy nan 

PlBVaanab Cbshdv) RM UCLIaWa 

Dn Hand Cbah^a n W*««* lad 

. MtjC^ «.ei« E > 



^ I E I . I [ I E I F I G I M I I I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, ii-c »vft¥ilfcQOFT«l 

K* ii —ilk I ii|i «! 4l.ie 11 [•»!« laij 4 N I fM ".^i j ^, y.i 

bii'«ii^T«,, 11 ' UWwvQOFTvl 

tktt #nf Mn^ MM J jl 

|i^ai-MM (KH ftfliiiii larg N*mM CifeM VMat Mapaanai* UCIJ 
ttei.' ' ' "444 L4r^l4iVE" I ^ 

I ••'. .C". miEi 
-- 1" M(|C^ «.ei« E .KM 

•F -- Mdri ill L 1" M( E» nil* 

QMM QOF TaB a DaaaM Ovwain CHy 

-C'T«,, >Mwi>teb«60PTM 

^ '«'i i^'-a •) UiM9«w4nirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  

' i J k%'i *1 ' ^|«^«3 HLEV 

TK«L4UIIHLEI 1 ' Tl«i« ic»«; II9I«]MLEI 

<.>>UIIHLEI 1. <«m4i 111*; ii« 1931 

HLElW.lt.«; ii« 1931 . ' HLE >3lC»« i>« »»3l 

teliM W kdtim 

QaiM ROS 9MWW arv bpja fl«)-OaM 

• ^93 344 iei t.« N[• ^-uKrr.i'e3 t ^ei 4< 4i "..Jncl® ['U 

( IMLEI II k il4i lt'« "9 193 HLEI 

iilMLEi 1~4 Tlei« ic»«; II9I«3HLEI 

,1 IMLEI 1 "1 il4i lt'4i "9 1931 

i^awa COP m Da^ 
Uc»i ->ikT«,, ^,.,,1 M- 1 M^MkfiCPTat 

biii9ii^T«,, M c UWatGOFTal 

DMad DM apaa ̂ fpama* Lga»"M ipiiana Lari 

LiatainM MM kaaa iUrp NVI-CMM 

UCLff wp Lapamd •abuiatairi IW ErfmM idw DMPid ̂ Maa Oahad 

kJ(M94r.l1 .;;teJl 1'-1 -f". ki II, LikM L .;i '-'r 

k" ' 

11 C'llp^Jl II^H 4I H 4l'>9lktiL3l 1-11 

H94r.ll .;;te3i iiiML 

(Ulton^ 

OJZMIM 

(UlJtTravlainari 

DLfi ii na a raamr^ri f« iaipaBm ad HMM nan 

Plapaaiiab Ckahda) RM UCLfaWa 

vpaa >bPMM Hand aak^a SV ^pin— U 

dUCLaUa 

-- L 111 k M |C^ 9.0I9 E .nil* 

Warirp: (^m a maa IbaMnaiA^ UC Lji) M aial^^l 



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

• L 3J«3 ["a® I i 11 - J-

nmnd «OPTM«teMC^ 
M»MkGCFT«t 

UWOTGQFTM 

D—D—Wwi^ « CT lyJi—— 

M I^A^aUcU 
ite«' 1 "11 3 E>> I 

[• II .1 .e-- miEi 

L 1 J^1 •^''- Ml |C^ «.el« E . un 

* Ml in III L 1 JJ1 •^''- Ml E» nil* 

6MM 60F T«M C 

/WM^thfkg T ̂  

[•eia 193 I*i4<ce4i 'j*"'"'4 [•;ii<C»ii93 4i ^ ' 

Mw^tw ^ir^QOf 

[•ei9 193 14I4<C94I ij*"'"'4 [•;ii<C»il93 41 ^ ' 

( IHLEI 

II IMLEI 

,1 IMLEI 

« 193 HLEI 

» |«3 HLEI 

' 6MIM' '{04Ui<y 

<yiiiM ROS ftflWM iM0 hpMri 

I IHLEI 

II IMLEI 

,1 iMLEr 

« 193 HLEI 

» i«3 HLEI 

<a IM no ^ ^'9 "" [•ei9 193 4 4C C« 

DM l^wiid «5« lr*we Uy 

Lip Mind HOS Mrfw Udrp hpMd NwCMM 

Ml 19 14I3 Ell • 1 H 

94"l1 .;;teJl •". 1 .e-- h III LiMi L .;i 

['Ij^ji II..- ,1 M 4i'>eiMiL3l 

94"l1.;;te3i ".1-3 

DUItony 
(uaHMi 

OAlM-TrMlMy 

DL£iaM« 

• ClBhii* hm \/CL^aMm 
e^^tyi w NtffoJ ffcih^imyitiiy i<y 

^^^UCLMUt* 

W«rirp: 6«v mvi RiiMiiviyd UCUi) rsina Wil 

; I« ^13" «p 0'« ; «i« or' i4'^'''''"L4i«ci *te3i i'4ci'9'>'ai ; «i« I 

MljC^ 9'0l« E I 

II -



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

( L }}93 C'(L. 

nmnd «OPTM«teMC^ 
~F|^ T«,, ^,.,1. xc. M»MkGCFT«t 

-ilk I iiii «! 4i'i« 11 'I F [•»!« 19] 4 N I fM".«! « ^ "i , y.i 

I t'.U'.i I«F^|F "J11 UWOTGQFTM 

I; ' I<0 4i ^'e 11 1 4 C•»!9 19] C^ 4 N I fM rr.^ "i , y., 

DsMd DM MB Hvnd « St tpriivn* L*ri 

M 
lte«. '" 1 L4<.l4> 3 E>> I 

[• Jr' .e-- miEi 

-- L M(iC^ «.ei« E .KM 

* Mdri ill L i^r • H E» nil4 

6MM 60F T«M DMMd AWMIM 

-^T«;| |«,;|, 1.1. 

» U'.i i«io ".I Mw^twtwiirfeop 

DMMri DM MB tern CMMd « St IpriRMw M 

(MM^ISBiaa Chu 64 

k >.a IHLEI " •) k ;i4> it<« M« i«] HLEI 

Il.«L4 Ul IHLEI It®l4iHlt»4i (I^I^JMLEI 

<.>>UIIHLEI 1 ' <«m4> lt<4; M« I«]l 

HLE)W.lt.«; II« 1931 1-i.' MLE .3IC»« i>« »»3i 

' 6MM '{04Ui<y 

<yillM ROS 6fliBiM IBffV hpMri NM-bMM 

I IMLEI II 14. k JI4I lti« ||« l«3 HLEI 

IMMLEI ' 1- Tl«i« ic»«; II9I«3HLEI 

i.'lUi IHLEI 

HLE iw.it.«; M« |«]| 

60F TM tfl thMMd 64 

Uc»i -ilk T«,, t4,.,,. M.I. »^»Vi||feQOFTM 

ii —ilk I iiii 4I 4i'i« 11 .1F [•ei9 193 4 4C ce« L i"' ^ 41 ^ 

UM'.VU^I 'H^^I'I "'MI- 'LJWM'o:F'T«n' ' 

6^^ DM «*M L^w"^ « St iftfBM Uy 

Lip Mind ROS MrfM Uarp hpMd NBVCMM 

, El -E . cii« III L 

• J1 19 I413 Ell • 1 H 

94M1 .;;teJl 111' .C". h 11, LIMI L .;i -•> 

[•|1;^J| . 4I H 4iMeiMiL3l i'J 

94r.ll ,;;te3i M4 t 

DUItony 
(uaHMi 

OAlM-TrMlBmy 



I i I I [ I E ^ I I I ' I 

I I ['9< I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, ii.ii »vft¥ilfcQOFT«l 

bii'«ii^T«,, 11 ih UWwvQOFTvl 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
3 E>> I 

m lE' 

. M( |C^ «.ei« E M;II 

-f• M E» nil* 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,, 11 i >Mwi>teb«60PTM 

[•ei9 19] 14I4<C«4' 'IM"'"'4 [•;ii'C»il9] 41 ^ ' 

UiM9«w4riirrf QOF 
[•ei9 19] 14I4<C«4I 'IM"'"'4 [•;ii'C»il9] 41 ^ ' 

Lay 

6M«M ftflWa ai Ou d# 
( IHLEI 

II IMLEI 

,1 IMLEI 

<imim W kMHm 

I lt<« >>« !«] HLEI 

I IC»4; l>9 !«] HLEI 

QaiM ROS 9MWW arv bpMd flv)-OaM 
•i«3 3«4 i«l t.« ^•1-- NC« ^"iKrr.vi l'«3 t i«i «< 4! rT..Ji,cl« ['U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt<« M« 19] MLEI 

I IC»4; l>9 l«] HLEI 

l^wH^QOFTMaC 

UWOTGQFTal 

LiVtainy HOS k«it<av iUrv NVI-CMM 

UCLfwpLjpamd •abuiv) viri IW ErfmM i4a) DwidyM v» LiBaiiidr aahad 
•ntW.l1 ,;;teJ| JI .C". MM 

[•|1 ;;teJi 

w.il .;;te3i 

(UlJtTrwIvinvri 

DLfi ii nv A ravnmrAri f« iaipvvm ad HavMy nan 

Ptvpavnab Ckvhiiv) RM UCLIaWa 
Dn Nvnd Cbah^ V n W*««* lad 

. M(iC^ «.ei« E < 



I c I E I F I G I M I I I I I 

I I C'4« I 

( L [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« 11 ~ I [•»!« 19] 4 N I fM ^ "i , y.i 

biii«ii^T«,i |«I,|I M . UWwvQOFTvl 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.'' 'r.4^ 141^141 VE" I ^ 
[•4.11. .e-- miEi 

1^1 .fM(|C^ «.ei« E .KM 

•F M(|.-| ill L 11^ M( E» nii4 

QMM QOF TaB a Daaari Ovwain CHy 

-C'T«,i i«i,ii M-.r >Mwi-teb«60PTM 

^ '«'i !«''« " ^ UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  

ilti ' ^ I " f. k%'i 41 HLE'I ' 

TK«L4UIIHLEI . 1 Tl«i« ic»«; II9I«]MLEI 

r.'lUllHLEl •'•t r»,il4ilt'4i ii«l«3l 

HLElW.lti«; II« I9]l ~4 MLE >]IC»« !>«»»]! 

teliM W kMHm 

QaiM ROS 9MWW arv bpaad fl«)-OaM 

•i«3 3«4 i«l t.« ^•1-- NC« ^'iiKrr.vi l'«3 t «< 4! rT..Jiicl« ['U 

( IMLEI II 1 F k JI4I lt'« II« I«3 HLEI 

•IIHLEI "• . It®l4iHlt»4i •I«I«3HLEI 

II IMLEI 11^' il4i lt'4i II« l«3l 

i^awa COP m Da^ 

uc»i -ilk T«,i t4ii,ii >>-.- S«vv»Vi1feQ0FTM 

Ii —ilk I iiji 4I 4l'i« I I ~ I [•ei9 19] [^ 4 4C C«« L •}<' I"> ^ 41 ^ 

biii«ii^T«,i UWatGOFTal 

Liataind HM kaaa iUr« Nm-CMv 

UCLrwp LsBwnid •abuiv)«a IW ErfmM idw DMiad AM** Oahad 

•ntW.l1 ,;;teJ| ,14 .C". MM 

3 El I I I n«>4<' ii •;^3i 

(UljfTr«vlan«ri 

DLfi ii na A raaimirAri f« iaipnm ad Haaiid nan 

Plavaaiiab Cbshdv) RM UCLIaWa 

>bPMn Hand Oak^a SV ^pin— U 

UCLaUa 

.fMl |C^ «.ei« E • \c\>a 



I E I . I [ I E I F I G I M I I I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, >1'^ »vft¥ilfcQOFT«l 

' -- K*ii —ilk I ii|i «! 4l.ie II -111 [•»!« laij 4 N I fM".^i j ̂ »j.iii 41 

biii«ii^T«,, IIJ J UWwvQOFTvl 
^ "i LI" <4 I; ' I < 0 ^ ^' e " .' I C •»! 9 19] C ^ 4 N I fM rr.^ "i » j .li 1 41 

Ci«^ Ok. Ik4 Nm 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' 141^141 VE" I ^ 

[• f-L. .C". miEi 

"* • M(iC^ «.ei« E . un 

•F -- M( L-l ill L ^ M( E» nii4 

QMM QOF TaB a Daaari Ovwain Mr 
-C'T«,i i«.,i. in- >Mwi>teb«60PTM 

^ '«'i ii'-a UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
' 11 k%'i 41 ' ^|«^«3 HLEV 

TK«L4UIIHLEI 1-1' Tl«i« ic»«; II9I«]MLEI 

r.'iUl IHLEI il4i lt'4i II« l«3l 

HLElW.lt.«; II« I9]l it. MLE >]IC»« II« »»]! 

teliM W kdtim 

QaiM ROS 9MWW arv bpja fl«)-OaM 
•i«3 3«4 i«l t.« ^•1-- NC« ^'iiKrr.vi l'«3 t i«i «> 4! rT..Ji,cl« ['U 

( IMLEI " 1 d k ;i4i lt>« ii« !«] HLEI 

»IIMLEI 1-F. It®l4iHlt»4i •I«I«3HLEI 

,1 IMLEI 11^1 il4i lt'4i II« l«3l 

i^awa COP m Da^ 
Uc»i -'ikT«,, ^,.,,1 II 4) M^MkfiCPTat 

biii«ii^T«,i i«.,i. Ill- UWatGOFTal 

Dmmi Dm apaa ̂ fpama* Lga»"^ ipiiana Imtd 

Liptaind HM iUrp Nm-CMM 

UCLff W0 Lapamd •abuiatairi IW ErfmM idw Dnaid ̂ Maa Oahad 
• ntW.l1 ,;;teJ| ..14 -e-. h ill LIMI L .;i ^-31 

•n ,,.3413^1, 1 

n C'llp^Jl ..•»> 4I H 4l'>«lMkL3l 

tW.l1.;;te3i xi-

(Ulton^ 
OJZMiv 

(UlJt-Travlainari 
e 

DLfi ii na a raaimirAri f« iaipaBm ad HMM nan 

Plapaaiiab Ckahda) RM UCLfaWa 
ITiaaf rai ppia 'wiiii a liiri^rfnahaf BT" Ipdaaelad 



I E I . I [ I E I F I G I M I I I I r 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, iiju »vft¥ilfcQOFT«l 

' -- K* ii —ilk I ii|i «! 4l.ie 11 • 14 [•»!« laij 4 N I fM ".^i j ̂ »j.iii 41 

bii'«ii^T«,, 11 UWwvQOFTvl 
^ "i LI" '4 I; ' I' 0 ^ ^' e 11 1 F C •»! 9 19] C ^ 4 N I fM rr.^ "i » j .li 1 41 

Ci«^ Ok. Ik4 iMti 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' ' ^4 ^ 141^141 VE" I ^ 

[• .". .C". miEi 

-- 1'^ MijC^ «.ei« E .KM 

* Ml L-l ill L 1'J . -fMl E» nil 4 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,i i«.,i. 1 >Mwi>teb«60PTM 

^ '«'i ii'-a "-+ UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
' 11 k%'i 41 ' ^|«^«3 HLEV 

TK«L4UIIHLEI in. Tl«i« ic»«; II9I«]MLEI 

r.'iUllHLEl . -1 r»MI4i lt'4i ii«l«3l 

HLEiW.lt.«; II9I93I 1'<|~ MLE .]IC»« ||« »e]i 

teliM W kdtim 

QaiM ROS 9MWW arv bipja flv)-OaM 
•i«3 3«4 i«l t.« NC« ^'iiKrr.vi l'«3 t i«i «> 41 rT..Ji,cl« ['U 

( IMLEI II 1-" k JI4I lt'« ||« I«3 HLEI 

»IIML£I 'W It®l4iHlt»4i (I^I^JMLEI 

,1 IMLEI il4i lt'4i ||« l«3l 

l^awa COP m Da^ ̂ viavi 
uc»i -ilk T«,i t4i.,i. II.c S«vv»Vi1feQ0FTM 

II —ilk I I||I 4I 4l'i« I I ' 14 [•ei9 19] 4 4C C«« L •}<' I"' ^ 41 ^ 

biii«M^T«,i |«.,|. iii-« UWatGOFTal 
^ "i LI" <4 I M 110 4 4-t 11 1 F C •»! 9 19] C ^ 4 4C C«« L 01« I rr. ̂  ^ "i 

L^am^ ROt ̂ aitiaUirg Intiiy NvcCta^ 

UCLrwp LsBwnid •abuiv) vd IW ErfmM idw DmaddM v» Liaaiiidr aahad 
• ntw.l1 ,;;teJl 1' .C". h III LIMI L .;l 11- • 

•n ,,.3413^1, , 
n C'llp^Jl 1J||' 4I H 4l'>«lMkL3l . 
tW.l1.;;te3i 11.^ 

(Ultond 
OJZMiv 

(UljfTmlvin«ri 

DLfi ii nv A ravnmrAri f« iaipvvm ad HavM nan 

PIvvMiiab Ckvhiiv) RM UCLIaWa 
Dn L^wnd Cbah^aSK lad 



- I E I . I [ I E I F I G I M I I I I I . I 
TS5B 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, »vft¥ilfcQOFT«l 

^ K 4 ii —il k I I ii 1 4I 4I. le II C "ei« I «!3 C ^ 4 N I fM 4! « ^• y .ii • 41 

biii«ii^T«,, 11.1 UWwvQOFTvl 

^ S LI" <4 I; ' I < 0 ^ ^' e " . C •»! 9 19] C ^ 4 N I fM rr. «l « ^ j .li 1 «i 

Ci«^ Ok. 04 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.' ^'^11- 141^141 VE" I ^ 

[•4 1 .C". miEi 

11" • Ml |C^ «.ei« E . un 

•F Ml L-l III L I1" 1 Ml E» nii4 

QMM QOF TaB a Daaari Ovwain CHy 
-C'T«,i i«.,i. II c >Mwi>teb«60PTM 

^ '«'i ii'-a "- UiM9«w4riirrfQOF 
iiio^ ".^1 [•ei9 19] I414 < c«4i 'j4">"> 4 [•;ii<C»ii9] 41 ^ 

6M«M ftflWa ai Ou ̂  
' i J k%'l 41 ' ^|«^«3 HLEV 

TK«L4UI|HLE| 11'4 T|«I4 lC»4; |I9I«]MLE| 

r.'lUllHLEl >>'i r»,il4ilt'4i ii«l«3l 

HLElW.lt.4; II9I9]! 14 '1 MLE >]IC»« li« »»]! 

teliM W kdtim 

QaiM ROS 9MWW arv bpMd fl«)-OaM 
•i«3 3«4 i«l t.« ^•1-- NC« ^"iKrr.vi i,«3 t i«i «> 41 rT..Ji,cl« ['U 

( IMLEI 11 '1 k ;i4i lt>« ii« l«] HLEI 

illMLEi -'U T|«I4 |C»4; |I9I«]MLEI 

,1 IMLEI "11 il4i lt'4i II« l«3l 

I^WH^ «0F TM a Da^ ^ 
Uc»i -'ikT«,, ^,.,1. II 'F M^MkfiCFTat 

1.« II —li k I 11| I 4I 4I' I« " C lei 9 19] C ^ 4 4C C«« L tpi« I rr. ^ 41 ^ "i I pi I • 

biii«M^T«,i |«.,|. II. N UWatGQFTal 

^ "i LI" <4 I M 110 4i ^' e " . C lei 9 19] C ^ 4 4C C« « L tpi« I rr. ̂  41 ^ "i I pi I • 

Liataind HM Mt<av iUr« Na-CMv 

UCLff W0 Uaaind •abuiaairi IW ErfmM idw Dmad ̂ Ma* Imrnn^ •ahad 
Mitw.l1 ,p;teJl 1-.1 .f". h III LIMI L .;i 

M. I,.34I3LM I 
H C'llp^Ji II 4I H 4l'i«lMiL3l . 
tw.l1 .;;te3i II 1 • 

(Ulton^ 
OJZMiv 

(UljfTravlain«ri 

DLfi ii na A raaimirAri f« iaipnm ad HMM nan 

Plavaaiiab Cbshda RM UCLIaWa 
Dm mm >bPMn 6em ttefaitiaS* M 



I E I . I [ I E I F I G I M I I I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, >>-4 »vft¥ilfcQOFT«l 

K* ii —ilk I ii|i «! 4l.ie 11 [•»!« laij 4 N I fM ".^i j ^, y.i 

bii'«ii^T«,, >1.1 UWwvQOFTvl 

tktt #nf Mn^ MM J jl 

|i^ai-MM (KH ftfliiiii larg N*mM CifeM VMat Mapaanai* UCIJ 

ttei.' ' ' i J f. L4r^l4iVE" I ^ 

I 1.-4 .C". miEi 

1 -.•• MijC^ «.ei« E .KM 

•F -- Mlj.-I ill L 1-1. Ml E» nil* 

QMM QOF TaB VI DaaaM Ovvwiv* Mr 

-C'T«,, >Mwi-teb«60PTM 

^ '«'i !«''« ' UiM9«w4nirrfQOF 

^ "i » I no ^ ".^' [•»!« 19] 1*1 4 < C«4I 'j*"'"'4 CniiiC»il9] 41 ^ "i 

' 
6M«M ftflWa ai Ou ̂  

iMLt' ' '11 \ k%'i4i V'« ' ^lVl«3 HLE'I ' 

TK«L4UIIHLEI 4 1*1 Ti«i« ic»«; II9I«]MLEI 

r.'iUllHLEl r»m4i lt'4i "«l«3l 

HLElW.lt.«; II9I93I 41. MLE >]IC»« l>« »»]l 

teliM W kdtim 

QaiM ROS 9MWW arv bpMd flv)-OaM 

• i«3 3«4 i«i t.« 'i'"- NC« ^'.|KfT.v» I'«3 t i«i «< 41 rT..ji,cl« C'U 

0 IMLEI k ii4i lt'« "« I«3 HLEI 

iilHLEi .- Tl«i« ic»«; II9I«]MLEI 

.1 IMLEI 1 ' '«> ;i4> lt<4; M« l«]l 

L^WH^ «0F TM a Da^ CbMiM ̂  

Uc»> ->ikT«,, M^MkfiCFTat 

biii«M^T«,, M.^ UWatGQFTal 

DMad DM apav ^Vpvma* LgB*"<M vSft Spiivvm Imtd 

MOM ^iiitiaUirB Inpiiy NvcCtaM 

UCLff W0 LMamd •akda viM IW ErfmM ida) Dmad AM v» Oakad 

M1tW.l1 ,;;teJ| .i-e- h 11, L |M 1 L .;i 1 ' ̂ 

M. ,,.3413^1, , 

H C'llp^Jl 11"*- 4I H 4l'>«lMiL3l .-r 

tW.1 .;;te3i II 4 

(Ulkn^ 

CUMIM 

(UljfTmlvin«M 

DLfi ii nv A ravnmirAri mtfwM. f« iaipvvm ad HavM nan 

PIvvMiiab Ckvhiia RM UCLIaWa 

MM Hand Oak^ V SV ^piiM— U 

UCLaUa 

.fMl |C^ «.0l« E . nii« 



I i I I [ I E ^ I I I ' I 

I I ['9< I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, 11 -F »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« M [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i i«i,ii M.4. UWwvQOFTvl 
^ "i LI"<4 I; ' I<0 ^ ^'e 11 1 ~J C•»!9 19] C^ 4 N I fM rr.^ "i , y., 

Ci«^ Ok. 04 Nin4'4M 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
L4'.l4> 3 E>> I 

miEi 

. M< jC^ «.ei« E M;II 

-f• M E» nil 4 

QMM QOF TaB a Daaari Ovwain Mr 
-C'T«,i i«i,ii 1 ' >Mwi>teb«60PTM 

UiM9«w4riirrf QOF 

f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
'^•a iMLt' ' ^liS 
Ui IHLEI .41; 
UllHLEl .4" 

> lt<« >>« i«] HLEI 
I iC»4; i«] HLEI . 

<imim W kMHm 

QaiM ROS 9MWW arv bpaad fl«)-OaM 
•i«3 3«4 i«l t.« 'l'"- NC« ^'iiKrr.vi l'«3 t «< 41 rT..Jiicl« ['U 

( IHLEI 
II IMLEI 
il IMLEI 

> lt<« >>« l«] HLEI 
I IC»4; I«] HLEI 1 

l^WHaeOFTMaC 
U^mmGCftrnt 

C'49i«]C^i4N I L •;<« irT.41 41 ^ 

UWatGQFTal 

DMad DM HK IjBamri « M 

Liataind HM kaaav iUr« Nm-CMM 

• dahlia Fra UCLftaWa 
Pa*hraMhM4 tfaariH* tMhuin a mv#aw lavri 



^ - I = I • I ' I E I F I , I H I , I , I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -Fik T«,, >>' d »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« M ' 1 [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i i«i,ii >>.- UWwvQOFTvl 

^ LI" '•* I i ' 110 i i • e 11 1 ~ C "ei« I «!3 C ^ 4 N I fM 4I « ^»7 •' 

Ci«^ Ok. 04 Nin4'4M 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.' '1-'- L4F^14IVE" I ^ 

[•1.1 .C". miEi 

-- L MijC^ «.ei« E .KM 

•F -- Ml L-l ill L .i- Ml E» nil 4 

QMM QOF TaB a Daaari Ovwain CHy 
-C'T«,i i«i,ii iij >Mwi-teb«60PTM 
— [''KK 4 4-t Ii'.l [•ei9 19] I4I 4 < C«4I 4 [•;M<C»II9] 41 ^ 

^ '«'i !«''« "" UiM9«w4riirrfQOF 
> ^ ' i<o ^ ' M .. [•ei9 19] I414 < c«4i 'j4">"> 4 Ci;ii<C»ii9] 41 ' 

Lad 

6M«M ftflWa ai Ou ̂  
' 'ii"' 

Ui IHLEI i>u-

UiiHLEi 

> lt<« >>« i«] HLEI 

I IC»4; i>9 i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd fl«)-OaM 
•i«3 3«4 i«l ».« 'l'"- NC« ^'iiKrr.vi ||«3 t «< F.i 41 rT..Jiicl« ['U 

( IHLEI 

II IMLEI 

il IMLEI 

> lt<« >>« l«] HLEI 

I IC»4; l>9 l«] HLEI 

l^wH^QOFTMaC 
S«VV»Vi1feQ0FTM 

C •»! 9 19] C ^ 4 4C C« « L ipi« I ^ 41 ^ I pi I • 

UWatGQFTal 
C •»! 9 19] C ^ 4 4C C« « L ipi« I ^ 41 ^ I pi I • 

Liataind HOS Mt<av iUr« Nm-CMv 

UCLrwp Lsawnid •abuiv)«iri IW ErfmM idw DMMd AM** Oahad 
M1tW.l1 ,;;teJ| -lie- h 1 ii L |M 1 L .pi H 

M. „.34,3LM , 

H C'llp^Jl 1". 4I H 4l'>«lMiLjl 

tW.ll.ppteJl 11. 

(Ulton^ 
OJZMiv 

(UljfTr«vlan«ri 
• It. 

DLfi il na A raaimirAri f« • 

PI«VMnab Cbshiiv) RM UCLIaWa 
^•iiB^r^iBfiBriTi^inahaf BT" liifti 111 I 



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -Fik T«,, >>%. »vft¥ilfcQOFT«l 

II —ilk I iiji «! 4i'i« 11 'i [•»!« 19] 4 N I fM".«! « ^ "i , y.i 

biii«ii^T«,i i«i,ii M.4. UWwvQOFTvl 

^ "i LJII<4 I; ' I<0 ^ ^'e " . ~ C•»!9 19] C^ 4 N I fM rr.^ "i , y., 

Ci«^ Ok. 04 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.' ' L4F^14IVE" I ^ 

I 14." .C". miEi 

-- L 14 • -f-- M(|C^ «.ei« E .KM 

* M(|.-| ill L 14 f -- M( E» nii4 

QMM QOF TaB a Daaari Ovwain CHy 

-C'T«,I |«I,|I Mjiu >Mwi>teb«60PTM 

— [''UK 4 4-t [•»!« 19] l4i 4 < C«4I 'IM"'"'4 [•;ii<C»il9] 41 ^ 

^ '«'i ii'-a "' •) UiM9«w4riirrfQOF 

' ^ ' I'O ^ " . ' [•»!« 19] l4i 4 < C«4I 'IM"'"' 4 Cl;ii<C»il9] 41 ' 

Lay 

6M«M ftflWa ai Ou ̂  

'^•a iMLt' ' ' iiij 

Ui IHLEI 14 .. 

UiiHLEi • 

> lt<« >>« !«] HLEI 

I IC»4; i>9 !«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd fl«)-OaM 

•i«3 3«4 i«l ».« ^•1-- NC« ^'iiKrr.vi ||«3 t «< F.i 4! rT..Jiicl« ['U 

( IHLEI 

II IMLEI 

il IMLEI 

> lt<« >>« l«] HLEI 

I IC»4; l>9 l«] HLEI 

l^wH^QOFTMaC 

M^MkfiCFTat 

C •»! 9 19] C ^ 4 4C C« « L ipi« I^ 41 ^ < pi I • 

UWatGQFTal 

C •»! 9 19] C ^ 4 4C C« « L ipi« I^ 41 ^ < pi I • 

Ljatamy HM k«it<av iUr« Nm-CMv 

UCLrwp Lsawnid •abuiatay IW ErfmM idw DMatdyMa* Liaaiiidr •ahad 

^.1 ,,.34,3L,, 1 

H C'llp^Jl II 4I H 4l'>«lMiLjl .11" 

H4.41.1i .p;te 31 1114" 

(Ulton^ 
OJZMiv 

(UljfTravlain«ri 

DLfi il na A raaimirAri f« • 

PI«VMiiab Cbshiiv) RM UCLIaWa 

ttwti ttes *« 6ews a S% la*a* lad 



I = I • I ' I E r I " I ' I 'I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, ii^j- »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« 11 • I [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i |«I,|I M.+ UWwvQOFTvl 

^ "i LI"<4 I; ' I<0 ^ ^'e 11 1U C•»!9 19] C^ 4 N I fM rr.^ "i , y., 

Ci«^ Ok. 04 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
L4'.l4> 3 E>> I 

miEi 

. M< jC^ «.ei« E M;II 

-f• M E» nil 4 

QMM QOF TaB a Daaari Ovwain Mr 
-C'T«,i i«i,ii mj >Mwi>teb«60PTM 

UiM9«w4riirrf QOF 

f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  

'^•a iMLt' ' ^1 

Ui IHLEI CHN i 

UllHLEl .4^1 

> lt<« >>« i«] HLEI 

I IC»4; n« i«] HLEI ' 

<imim W kMHm 

QaiM ROS 9MWW arv bpaad fl«)-OaM 
•i«3 3«4 i«l t.« 'l'"- NC« ^'iiKrr.vi l'«3 t «< 41 rT..Jiicl« ['U 

( IHLEI 

II IMLEI 

il IMLEI 

> lt<« >>« l«] HLEI 

I IC»4; l>9 l«] HLEI 

L^WHaeOFTMaC 
M^MkfiCFTat 

C'49i«]C^i4N I L •;<« irT.41 41 ^ 

UWatGQFTal 
n > no 4 4-M> " 1-U C'4«l«]C^I4ri 

DMad DM HK IjBamri « M 

^iiitiaUirB Inpiiy Na-CtaM 

• dahlia Fra UCLftaWa 
^ray^iVt^riy. t^-h^ i K W 



, - I E I . I C I E I F I G I H I I I I I 

I I C'4« I 

( L [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, >>'4 »vft¥ilfcQOFT«l 

^ K 4 ii —il k I I ii 1 4I 4I. le II "4 C "ei« I «!3 C ^ 4 N I fM 4! « ^j .ii • 41 

biii«ii^T«,, II UWwvQOFTvl 
^ S LI" <4 I; ' I < 0 ^ ^' e " . ~ C •»! 9 19] C ^ 4 N I fM rr. «l « ^ j .li 1 «i 

Ci«^ Ok. 04 Nin4'4M 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.'' ^1 141^141 VE" I ^ 

I t .e-- miEi 

1 '* -fM( |C^ «.ei« E . un 

* M( L-l III L 1-1 M( E» nii4 

QMM QOF TaB VI Daaari Ovvwiv* Mr 
-C'T«,i i«.,i. 1.F >Mwi>teb«60PTM 

^ '«'i ii'-a ' UiM9«w4riirrfQOF 
iiiO^ ".'~ [•ei9 19] I4I 4 < C«4i '44"'"'4 [•;ii<C»ii9] 41 ^ 

6M«M ftflWa ai Ou d# 
' 11 k%'l 41 ' ^|«^«3 HLEV 

TK«L4UI|HLE| 4'~ T|«I4 lC»4; |I9I«]MLE| 

r.'lUllHLEl r»,il4ilt'4i ii«l«3l 

HLElW.lt.4; II9I9]! . -I MLE >]IC»« li« »»]! 

teliM W kdtim 

QaiM ROS 9MWW arv bipMd flv)-OaM 
•i«3 3«4 i«l t.« ^•1-- NC« ^"iKrr.vi i,«3 t i«i «> 41 rT..Ji,cl« ['U 

( IHLEI 11.^ k il4i lt'« ii« l«3 HLEI 

lIlMLEl 4.L. TI«I4 lC»4; |I9I«]MLEI 

.1 IMLEI ..11 '«> ;I4I lt>4; II« l«]l 

COP m Da^ Cfcviavi 
uc»i -'ikT«,, M»MkfiCPT«t 

biii«M^T«,i |«.,|. 11.1 UWOTGOFTal 

^ S LI" <4 I; I 110 4 4-t " . ~ C lei 9 19] C ^ 4 4C C«« L tpi« I rr. ^ 41 ^ S 

Dmmi Dm apav ̂ fpvma* Spiivvm Imtd 

LiVtaind HM iUrv NVI-CMM 

UCLrwp LsBwnid •abuiv) viri IW ErfmM idw Dwid AM v» Oahad 
•ntW.l1 ,;;teJ| .i--. .C". MM 

^['11^ y^V ^ ^ 1% h ^ 
• '< i«'l4i]Eiii I n«>4<'ii t;^]! " 

aUtlm-JtmwImmwi 

DLfi ii nv A ravnmirAri mtfwA BMM f« iaipvvm ad HavMd nan 

PIvvMiiab Ckvhdv) RM UCLfaWa 
Dm mm >bPMM rBiiiiirivliiiiigTf ^itvM M 



I i I I [ I E I ' I I H I I ' I 

I I ['9< I 

( L [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, >1.1 »vft¥ilfcQOFT«l 

bii'«ii^T«,, 11 n UWwvQOFTvl 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' ' Ur^l^iVE" I ^ 
I ]'• .C". miEi 

-f-- u •'-'. M( |C^ «.ei« E Mill 

•F -- M( in III L 1> M( E» nil* 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,i i«.,i. iijF >Mwi>teb«60PTM 
— C'lKK 4 4-t II ~F [•ei9 19] 1*14 <c«4i ij*"'"'4 CniiiC»ii9] 41 ^ 

^ '«'i ii'-a ' UiM9«w4riirrfQOF 
' I'O ^ ".^ [•ei9 19] 1*14 <c«4i ij*"'"'4 CniiiC»ii9] 41 ^ 

Lay 

6M«M ftflWa ai Ou ̂  

UllHLEl 1.1! 

UiiHLEi -11 • 

I lt>« ii« i«] HLEI 

I IC»4; ii« i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd flv)-OaM 
•i«3 3«4 i«l t.« ^<1-- NC« ^'i|KrT.4,» |,«3 t i«i «> 41 rT..Ji,cl« C'U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt>« ii« l«] HLEI 

I IC»4; ||« I«] HLEI 

L^WH^QOFTMaC 
S«VV»Vi1feQ0FTM 

UWatGQFTal 

L^amy ROR ^aitiaUirg Intiiy NvcCtaa 

UCLrwp LsBwnid •abuia vd IW ErfmM idw DmaddM v» LiBaiiidr •ahad 

• ntw.l1 ,;;teJl II- h .f". h III LIMI L .;l 

•n I,.14I3LI, I 

n C'li;^!! 1"^ 41H 4i.,«iMiL3i 

tW.l1 .;;te3i II 1 i 

(Ultond 

OJZMiv 

(UljfTmlvin«ri 

iiiit. 

DLfi ii nv A ravnmrAri f« iaipvvm ad HavMy nan 

PIvvMiiab Ckvhiia RM UCLIaWa 
Dn Nvnd Cbah^ V n W*««* lad 

. MtjC^ «.ei« E > 



I c I E I F I G I M I T 

I I C'4« I 

( L [•«« I 

N«md 60P Im m DMS O# 
Uc»> -'Ik T«,, >>c »vft¥ilfcQOFT«l 

' K 4 ii —il k I I ii 1 4I 4I. le 11 • J- C "ei« I «!3 C ^ 4 N I fM 4! « ^j .ii • 41 

bii'«ii^T«,, UWwvQOFTvl 
^ S LI" '4 I; ' I' 0 ^ ^' e 11 1 C •»! 9 19] C ^ 4 N I fM rr. «l « ^ j .il 1 «i 

Ci«^ Ok. 04 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.'' i'y- 141^141 VE" I ^ 

[• ~ 1 .e-- miEi 

.'1 ̂ M( |C^ «.ei« E Mill 

•F -- M( L-l III L • H E» nil 4 

QMM QOF TaB a Daaari Ovwain CHy 
-C'T«,i i«.,i. 1 t >Mwi>teb«60PTM 

^ '«'i ii'-a I UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou O# 
ilti ' ' 11 i k%'l 41 ' ^|«^«3 HLE'I ' 

It.«L4UllHL£| c It®l4iHlt»4i •I«I«3HLEI 

<.'>UIIHLEI 1 <«m4i lt>4; ||« I«]l 

HLElW.lt.«; II9I9]! . ||J MLE >]IC»« II« »»]! 

teliM m kdtim 

QaiM ROS 9MWW arv bpja fl«)-OaM 
•i«3 3«4 i«l t.« ^<1-- NC« ^"iKrr.vi l'«3 t i«i «> 41 rT..Ji,cl« ['U 

( IMLEI 11.1 k il4i lt'« ii« l«3 HLEI 

iilMLEi '«)' Tl«i« ic»«; II9I«]MLEI 

,1 IMLEI 1 il4i lt'4i II« l«3l 

i^awa COP m Da^ 
Uc»i -'ikT«,, ^,.,1. II.M^MkfiCPTat 

1.« II —li k I 11| I 4I 4I' I« II'.*' C *819 19] C ^ 4 4C C«« L tpi« I rr. ̂  ^ "i I pi I • 

biii«M^T«,i |«.,|. 111 UWatGOFTal 

^ "i LI" <4 n ' I < 0 4i ^' e 11 1 C *819 19] C ^ 4 4C C«« L tpi« I rr. ^ «i ^ "i 1 pi 1 • 

Liataind HOS kaaa iUr« Nm-CMv 

UCLff W0 Uaaind •abuiatad IW ErfmM idw DnatddMa* Ljaamdr •ahad 

• ntw.l1 ,p;teJ| 4 1 .C". h III LIMI L .;l J- ^ 

• n I,.34I3LI, I 

n C'lip^Ji 1 41H 4i'i«iMkL3i 

tW.l1.;;te3i II 1. 

(Ultond 

OJZMiv 

(UljfTravlain«ri 

DLfi ii na A raaimirAri f« iaipnm ad HMM nan 

Plavaaiiab Cbshdv) RM UCLIaWa 
Dn L^wnd Cbah^aSK lad 



I i I I [ I E I ' I I H I I ' I 

I I ['9< I 

( L [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« M ' 1 [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i |«I,|I M.-v UWwvQOFTvl 

^ LI" '•* I i ' 110 i i • e 11 1 ~ C "ei« I «!3 C ^ 4 N I fM 4I « ^»7 •' 

Ci«^ Ok. 04 Nin4'4M 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' Kv>i 141^141 VE" I ^ 

I .e-- miEi 

-f-i M(iC^ «.oi« E . KM 

* M( L-l ill L ?••". -fM( E» nil 4 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,i i«i,ii ii^ii- >Mwi>teb«60PTM 
— [''UK 4 4-t "'*1. [•»!« 19] I4I 4 < C«4I '44"'"'4 [•;M<C»II9] 41 ^ 

^ '«'i !«''« UiM9«w4riirrfQOF 
' ^ ' I'O ^ " 1 ' [•»!« 19] I4I 4 < C«4I '44"'"' 4 Cl;ii<C»il9] 41 ' 

Lad 

6M«M ftflWa ai Ou ̂  

Ui IHLEI 4- |i-

UiiHLEi . •' 

> lt<« >>« i«] HLEI 

I IC»4; i«] HLEI 1 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd flv)-OaM 
•i«3 3«4 i«l t.« 'l'"- NC« ^'iiKrr.vi l'«3 t «< 41 rT..Jiicl« ['U 

( IHLEI 

II IMLEI .i| 

il IMLEI 

> lt<« >>« l«] HLEI 

I IC»4; I«] HLEI . 

L^WH^QOFTMaC 
S«VV»Vi1feQ0FTM 

UWatGQFTal 

L^am^ ROR ^aitiaUirg fctpiiy NvcCtaa 

UCLff W0 LiBaind •abuia ari IW ErfmM i4a) DMMd AM v» Oahad 
• ntW.l1 ,;;teJ| -ee. -e S h i ii L 1^ H L .;i -l-Jn 

•n ,,.34,3L,, 1 

n C'llp^Jl .1-1 4l H 4l.>«lMkL3l 

tW.1.;;te3i 

(Ulton^ 
OJZMIM 

(UljfTr«vlvin«ri 

DLfi il nv A ravnmrAri f« • 

PIvvMnab Cbvhiia RM UCLIaWa 
r^iiv^r^iBfiBriTi^invhaf •T'liirii ni irf 



t te«• • L ['(L 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, >>j+ »vft¥ilfcQOFT«l 

^ K 4 ii —il k I I ii 1 4I 4I. le II C "ei« I «!3 C ^ 4 N I fM 4! « ^• y .ii • 41 

biii«ii^T«,, IIUWwvQOFTvl 
^ S LI" <4 I; ' I < 0 ^ ^' e " . C •»! 9 19] C ^ 4 N I fM rr. «l « ^ j .li 1 «i 

Ci«^ Ok. 04 Nin4'4M 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' i; 141^141 VE" I ^ 
I 1.11-4 .e-- miEi 

-- -S" Ml |C^ «.ei« E . un 

•F -- Ml l.-l III L *•. Ml E» nil4 

QMM QOF TaB a Daaari Ovwain Mr 
-C'T«,i i«.,i. >Mwi>teb«60PTM 

^ '«'i ii'-a '» UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
iMlt' ' ^1 ' - k%'l4iV'«' ^lVl«3HL£V 

TK«L4UI|HLE| 1-'1- T|«|« lC»«; |I9I«]MLE| 

<.'>UIIHLEI >>•! <«m4i lt>4; II« l«]l 

HLElW.lt.«; II« I9]l "1' MLE >]IC»« II« »»]! 

teliM W kdtim 

QaiM ROS 9MWW arv bpja fl«)-OaM 
•i«3 3«4 i«l t.« ^<1-- NC« ^"iKrr.vi l'«3 t i«i «> 41 rT..Ji,cl« ['U 

( IMLEI 11 1 ^ k ;i4i lt>« ii« l«] HLEI 

iilMLEi ||''-|| Tl«i« ic»«; II9I«]MLEI 

,1 IMLEI ^ il4i lt'4i II« l«3l 

l^awa COP m Da^ 
Uc»i -'ikT«,, ^,.,1. II ^ M^MkGCPTat 

biii«M^T«,i i«.,i. 11.1. UWatGOFTal 

Dmmi Dm apaa ̂ fpama* Lga»"^ ipiiana Imtd 

Liptaind HM kaaav iUrp NVI-CMM 

UCLff W0 Lapamd •abuiataa IW ErfmM idw Dnaid ̂ Maa Oahad 
M1tW.l1 ,;;teJ| -11 J .C". h III LIMI L .;l m • 

M. I,.^I3LM I 

H C'llp^Ji 1'.. 4I H 4l'>«lMiL3l 

tW.l1 .;;te3i IIJ 1 

(Ulton^ 
OJZMiv 

(UlJtTravlainari 
e . ̂ 

DLfi ii na a raaimirAri f« iaipaBm ad HMM nan 

Plapaaiiab Ckahda) RM UCLfaWa 
ITiaaf rai ppia 'wiiii a liiri^rfnahaf BT" Ipdaaelad 



I i I I [ I E I ' I I H I I ' I 

I I ['9< I 

( L [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, »vft¥ilfcQOFT«l 

bii'«ii^T«,, >>1'. UWwvQOFTvl 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
3 E>> I 

m lE' 

. M( |C^ «.ei« E M;II 

-f• M E» nil* 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,, >>1- >Mwi>teb«60PTM 

[•ei9 19] 14I4<C«4' 'IM"'"'4 [•;ii'C»il9] 41 ^ ' 

UiM9«w4riirrf QOF 
[•ei9 19] 14I4<C«4I 'IM"'"'4 [•;ii'C»il9] 41 ^ ' 

Lay 

6M«M ftflWa ai Ou d# 
( IHLEI 

II IMLEI 

,1 IMLEI 

I it<« >>« !«] HLEI 

I IC»4; I>9 !«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd flv)-OaM 
•i«3 3«4 i«l t.« ^•1-- NC« ^"iKrr.vi l'«3 t i«i «< 4! rT..Ji,cl« ['U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt<« M« 19] MLEI 

I IC»4; l>9 l«] HLEI 

l^wH^QOFTMaC 

UWOTGQFTal 

LiVtainy HOS k«it<av iUrv NVI-CMM 

UCLfwpLjpamd •abuiv) viri IW ErfmM i4a) DwidyM v» LiBaiiidr aahad 
• ntW.l1 .;;teJl II- , .C". h II 

[•|1 ;;teJi 

w.il .;;te3i 

(UlJtTrwIvinvri 

DLfi ii nv A ravnmrAri f« iaipvvm ad HavMy nan 

Ptvpavnab Ckvhiiv) RM UCLIaWa 
Dn Nvnd Cbah^ V n W*««* lad 

. M(iC^ «.ei« E > 



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

t te«• • L 3J«3 C "9« I i C' • L . 

nmnd «OPTM«teMC^ 
ucM M»MkGCFT«t 

II —ilk I Iiji «l «I'|« M J. [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i i«i,ii >>.. UWOTGQFTM 

Dmmi Dm vpw ftamd Spiivn* Imtd 

M l^;*i^»UcU 
'1 J. L4<.l4> 3 E>> I 

[• . F- .e-- miEi 

-f-- L ^ •^''- M(|C^ «.ei« E .KM 

* Mdri ill L i^r •^''- • H E» nil4 

6MM 60F T«M tetiad AmMiM 
^ T«;| |«i;|i II -F 

T«^I i9no "..J Mw^twfcittrfeop 
' I<0 ^ ".^ [•»!« 193 I4I 4 < Ce4i 'IM"'"'4 [•;M<C»II93 41 ^ 

Cha 64 
k t.9 IMLEI II ^F kji4ilti« iiei93HL£i 

TK«L4UIIHLEI •!' Tl«i« ic»«; II9I«3HLEI 

i.'iUi IHLEI "II- ii4i Iti4i lie 1931 

HLE)W.lti«; 119 1931 HLE >3iC»« ne »e3i 

' 6MIM' '{04Ul<y 

<yiiiM ROS ftflWM IM0 hpMd Hrn^^mm 

I IMLEI II k JI4I lti« "9 193 HLEI 

IIIMLEI ~1 ' Tl«i« ic»«; 119193HLE1 

i.'lUi IHLEI 

HLE IW.|ti«; II9I93I 

60F TM tfi tha^d 64 
Uc»i -ilk T«,| t4ii,ii II-1 »v»Vi||feQOFT«l 

'bM.9i'»Vi9^i 'n^^i'i "'11.'". 'iMUm'QCFTm' ' 
^ "i LJII 19 I; I 110 ^ ^' 9 11. C 919 193 C ^ 4 4C C9 9 L tpi« I rr. 9 «i ^ "i 

6^^ DM a*M l^rnrndmSt Mritmm Lad 

bpamd ROS MrfM Uarp hpMd NwCMM 

, El -E . cii« III L 

hill LiL.;ti| . 1-. 

H( 19 I413 Ell • 1 H 

94r.ll .;;9J| ie. -eh 1 ii L |M( L .;i 1.' 

[•|1;^J| .11^ 4I H 4i'>9iMiL3l '-b 

94r.ll ,;;93i II -

DUIhny 
omsmrnim 

djaiM-TrMlMy 

• dahlia Ftm UCLftaiiiM 

. M< 1C9 9.0I9 E > IU14 



I i I I [ I E I ' I I H I I ' I 

I I ['9< I 

- [«ae c ' 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, >>— »vft¥ilfcQOFT«l 

K* ii —ilk I ii|i «! 4l.ie 11 [•»!« laij 4 N I fM ".^i j ^, y.i 

bii'«ii^T«,, ii.'F UWwvQOFTvl 

tktt #nf Mn^ MM J jl 

|i^ai-MM (KH ftfliiiii larg N*mM CifeM VMat Mapaanai* UCIJ 

ttei.' ' 'r/li L4r^l4iVE" I ^ 

[• 1 -• .C". miEi 

1'J' M(|C^ «.ei« E .KM 

•F -- Mdri ill L 1" J M( E» nil* 

QMM QOF TaB a DaaaM Ovwain CHy 

-C'T«,, ,«.,,. >Mwi>teb«60PTM 

— [''UK 4 4-t II ~ I [•ei9 19] 1*1 4 < C«4I 'j*"'"'4 CniiiC»il9] 41 ^ 

^ '«'i ii'-a I1QOF 

> ^ ' I'O ^ " . F [•ei9 19] I414 < c«4i ij*"'"' 4 Ci;ii<C»ii9] 41 ' 

Lay 

6M«M ftflWa ai Ou ̂  

' i 
UiiHLEi 1"„ 

UiiHLEi . 

I lt>« ii« i«] HLEI 

I IC»4; ii« i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd fl«)-OaM 

•i«3 3«4 i«l t.« NC« ^'iiKrr.vi l'«3 t i«i «> 41 rT..Ji,cl« ['U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt>« ||« I«] HLEI 

I IC»4; ||« I«] HLEI 

L^WH^QOFTMaC 

M^MkGCFTat 

C •»! 9 19] C ^ 4 4C C« « L ipi« I ^ 41 ^ < pi I • 

UWatGQFTal 

C •»! 9 19] C ^ 4 4C C« « L ipi« I ^ 41 ^ < pi I • 

LiatainM HOS k«it<av iUr« Na-CMv 

UCLrwp Lsawnid •akiiaay IW ErfmM idw DMatdyMa* LiBaiiidr aakad 

•ntW.l1 ,;;teJ| 1 -J. .f". h Ml LIMI L .pi 1'^-

•n ,,.3413^1, 1 

n C'llp^Jl IM11I ,1 M 4l'>«lMkLjl . '. 

tw.li 

(Ulkii^ 

CUMiv 

(UljfTravlain«ri 

DLfi ii na A raaimirAri f« • 

PI«VMiiab Cbshiia RM UCLIaWa 

NanM Oak^a SV U 

. M< |C^ «.ei« E I nna 



I i I • I [ I E r I 0 I I I I ' I - I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
Uc»> -'Ik T«,, I'M »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« M ~ [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i |«I,|I M -V UWwvQOFTvl 

^ "i LI"<4 I; ' I<0 ^ ^'e " . ̂  C•»!9 19] C^ 4 N I fM rr.^ "i , y., 

Ci«^ Ok. 04 Nin4'4M 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
L4'.l4> 3 E>> I 

miEi 

. M< jC^ «.ei« E M;II 

-f• M E» nil 4 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,i i«i,ii 1"^ >Mwi>teb«60PTM 

UiM9«w4riirrf QOF 

f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
'^•a iMLt' ' ^if\j 

UllHLEi 111^4 

Ui IHLEI 1- •• 

« i«3 HLEI 

» i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpaad flv)-OaM 
•i«3 3«4 i«l t.« 'l'"- NC« ^'iiKrr.vi l'«3 t «< 41 rT..Jiicl« ['U 

( IHLEI 

II IMLEI 

il IMLEI 

> lt<« >>« l«] HLEI 

I IC»4; l>9 l«] HLEI 

L^WHaeOFTMaC 
S«VV»Vi1feQ0FTM 

C'49i«]C^i4N I L •;<« irT.41 41 ^ 

UWOTGQFTal 
' "0 4 4-M> C'4«i«]C^i4ri 

DMad DM HK Ijaamri V n %r«wM M 

^iiitiaUirB Inpiiy NVCCMM 

OAlM-TrMlvmy 

• dvhlia Fra UCL&flWa 
^ray^iVt^riy. t^-h^ i K W 

dUCLaUa 



) te«' ( L C •«« I; '1 C' ( L 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, 11 »vft¥ilfcQOFT«l 

bii'«ii^T«,, ,«.,,. >>1. UWwvQOFTvl 

Si 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' ' ^14 -f Ur^l^iVE" I ^ 

I .-ii" .C". miEi 

-f • -fM( |C^ «.ei« E Mill 

•P • H in III L ..»• •^''- M( E» nil* 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,i >Mwi>teb«60PTM 

^ '«'i ii'-a UiM9«w4riirrfQOF 
^ » I 110 ^ ^' e " . a' C tei 9 I«] 1*14 < c« *1 I j*"'"' 4 C •; 111 C» II«] *i ' 

' 
6M«M ftflWa ai Di^^ Ou O# 

' i i k%'i *1 ' ^|«^«3 HLEV 
TK«L*UIIHLEI 44'1 Tl«i* ic»*; II9I«]MLEI 

i.'lUi IHLEI .>>>>1 'II ;i*i It'*; ||« I«]I 
HLEiW.lt'*; ||« I«]I '•• HLE >]ic»« M« »e]i 

teliM W kdtim 

QaiM ROS 9MWW arv bpMd flv)-OaM 
';«3 3«* ;«i».« 'i'"- N[• ^"it.".*,» i,«3 t ;«i «' '•; *i "..JLCI® ['L^ 

( IMLEI >>1-1 k ;i*i lt'« ii« 19] MLEI 

»I|MLEI "f It9i*;nit»*; H9ie3MLEl 

,1 IMLEI II- 'II ;i*i It'*; lie i93i 

L^WH^ «0F TM a Da^ CbMiM ̂  
ucii -'Ik T«,, .*„,„ II-'. S«vv»Vi1feQ0FTM 

bii'eM;T«^, II. F UWatGQFTal 

Dmmi Dm apav ̂ fpvma* Spiivvw Imtd 

L^am^ ROR ^aitiaUirg Intiiy NvcCta^ 

UCLrwp LsBwnid •abuia vd IW ErfmM idw DmaddM v» lawmn^ •ahad 
HHW.|1,;;teJ| 1.. .f". h III LIM( L .;l J 

H. i,.l*i]Li, 1 

H C'll;^!! 1^' *1 M *i.,eiMiL3l 

tW.ll .;;te3i II '#-

(Ultond 
OJZMiv 

(UlJt-Tmlvin«ri 

DLfi ii nv A ravnmrAri f« iaipvvm ad HavM nan 

PIvvMiiab Ckvhiia RM UCLIaWa 
Dn Nvnd Cbvh^ V n W*««* lad 

UCLaUa 
-fM( |C^ 9'Oie E . i;ii« 



- I = I • I ' I E I F I , I H I , I , I r 

TrMtf 

I I C'4« I 

t te«• • L 3J«3 ["seii ['(L. 

nmnd «OPTM«teMC^ 
ucM ^,.,1. >>-•*. M»MkGCFT«t 

II —ilk I iiji «l «l'i« M J. [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i |«I,|I M.^. UWOTGOFTM 

Dmmi Dm vpw ftamd Spiivn* Imtd 

lte«. 1 L4<.l4> 3 E>> I 

[•1^.1 .C". miEi 

-f L 1 ••'• •^''- M(|C^ «.ei« E .KM 

* Mdrl ill L 1 -fM( E» nil 4 

6MM 60F T«M tetiad AmMiM 

-^T«;| |«i;|i 11-1 

» T«,I I«i,s II.-i. Mw^twfcittrfeop 

Danari DM Ha tern CMMd a S« IpriRMw M 

(MM^ftdiaa Cha 64 

k 1.4 IMLEI 111 k ;i4> lt<« >>« i«3 HLEI 

TK«L4UIIHLEI 1 >t Tl«i« ic»«; II9I«3HLEI 

i.'lUi IHLEI .. •• il4i Iti4i ||« l«3l 

HLE)W.lti«; 1191931 ."^r MLE .]ic»« ii« »e3i 

6MiM'^yy.Ma'{04Ui<y 

<yiiiM ROS ftflWM lata hpMd Nat-C^MM 

I IMLEI 11^1' k JI4I lti« ||« i«3 HLEI 

IMMLEI ,'U TI«I« ic»«; II9I«3HLEI 

i.'iUi IHLEI 

HLE iW.iti«; ii«i«3i 

60F TM ai thaMd Ck^afaM 64 

uc»> -ilk T«,i t4ii,ii II .1 »v»Vi||feQOFTal 

6^^ DM MB l^any a n Uy 

bpamd ROS Mrfa Uarp hpMd NavCMM 

, E' -E . cii« III L 

DLfi ii rat • MMinaM myad. fa vaiiMM* I* 

RawM^ttokirfaifry UeL6^ 
DMaid DM FPM ̂ fpanM Namd •abMda SS 9grtmmwm Imd 

IKLaUim 

-fMl |C^ «.ei« E I 



) te«' ( L C'lL 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, >>J1. »vft¥ilfcQOFT«l 

' -- K* ii —ilk I ii|i «! 4l.ie 11 -I I [•»!« laij 4 N I fM ".^i j ̂ »j.iii 41 

bii'«ii^T«,, >>ji UWwvQOFTvl 
^ "i LI" '4 I; ' I' 0 ^ ^' e "1 *1 C •»! 9 19] C ^ 4 N I fM rr.^ "i » j .li 1 41 

Ci«^ Ok. Ik4 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' ' 141^141 VE" V 

[• 1.-L^ •niE' 

"J' M(iC^ «.oi« E . KM 

* M( L-l ill L M( E» nii4 

QMM QOF TaB a Daaari Ovwain Mr 
-C'T«,i i«.,i. . >4) >Mwi>teb«60PTM 

^ '«'i !«''« " UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
' 11 n k%'i 41 HLEV 

TK«L4UI|HLE| ^U, T|«|« lC»«; |I9I«]MLE| 

r.'lUllHLEl r»,il4ilt'4i ii«l«3l 

HLElW.lt.«; II« 1931 "1 MLE >3lC»« i>« »»3l 

teliM W kdtim 

<^iM ROS ftflWa lang hpari 

I IMLEI II I1L k ii4i lt'« ||« I«3 HLEI 

.IIMLEI 1'.. Ti«i« ic»«; II9I«3HLEI 

r.'iUl IHLEI 

HLE M« i«]i 

LayaM^ SOF Ttf ai tha^d Ck^afaM frV 
uc»i -'Ik T«,i t4i.,i. »v»Vi||feQOFTal 

'' 'bNi^M'.u.; 'i,:.i'.' "ii.r uyd.'titf T^'' 

6e He l^aii^ « St Www Ua 

Lepamd ROS Mrfa Uarp hpari NwClaM 

, El -E . cii« III L t 

tijft L^Traa^tfindl 

DLfi ii ra • raaiinaM ma«4 f« eaieBM* «d MeaM I* 

DM^mMbne CbeariUe [fceibiai« 5% Sp*eee lad 

Um 



APPENDIX B-6 
DEEP GROUNDWATER 



Zi ar^rnikmm 

Appaidu B-6 

ProUCL <!>ijrpui • Deep <Jroundwaier 

Smokp) Mouniain SmeJio's 

Knox^ilJe. Toinesee 
UCL MUM tar DM M Hw^Omau 

I L li.C'J 

N.,rT.t«i I [•«« u m N.,rT.t«i if 

fJ.,rT.t«i I [•,j|,r. I C.ei« U 1" iC'.ji.r. |f 

['«!«! 1 ' 

41.41. « [•ei® C 1 ^ «|.| f 

' <««4i. ["ei® c 1- 111 

fW. I L u . ̂ 4 1 [• i L 

H«md QOF TM«) DMM 0%f 

I.4CM -.Ik T«,, ,«.,,. .. .. 

' f<4C .1 —.Ik I I.i. 4I 4l'i« II 4 . [•»!« laij C^l 4 ff 1 fM ".41 41 ' . J.. 

bii.«ii^T«,, ,«.n. II.' UWonQOPTM 

DMaMd DM WM Heii^ «5% 9p#N«M iMtd 

{KM 9ttmimMMNwmd CrilMWiAmwd^tm 

. M(|C«i «.|.l« E 

-e S M ( E 

Qanm* QOP TM «) DMMd 

.41.n. II^II. AidMm-DElFiQOPTM 

^ '«'! Ki'-i' II i~' UiKMe^MralQOP 

DMMd dM QMm« CbvbMd« SI I^IMV* LMI 

Mime MUM m DMMd DM a* 

f^i IHLEI . ii" 

>.a IHLEI ' • • 

>.a IHLEI * 

«3 ULEI 

«3 ULEI 

Qaime (PM MHM 

f.4l iMfl 11 

Qaime ROD MWw MM b"pM HMOMM 

I IHLEI 

I IKLEI 

I IKLEI 

«3 ULEI 

«3 ULEI 

gOPTMiDMiBiaii iMiii Ortr 

'.Ik 4I 4l'>« II 4. [•»!« |«] C 

QOPTM 

:c«« L;r. »rT.4l 41 

UWM QOPTM 

.41; 4I 4-^ II . [•»!« !«] C'«4 <C«4 

DMMd DM WM LupMind a 9% Spr^MM LM 

Lep—'I'd HOS MafM Udrp bnpMd Hei ftMiB 

VCLJ MM ijp""*d CbvMai md M EninM idwi DMMd dM «e LipMiii CbvbMd 

Ml f W. |1 ;;«3| .111 .F M ill 

C'll ;;te3i II- 1 4" 4-

Ml I,.3413 Ell I I fte4r.ii ;;te3i n 1 ' 

DLBUp-TrMwiwd 

DLAb nae MMiw^d mtfad. piMdedfw •MM*'* aidNMM ri 

HepaaiiMi* OnfaJiin PIM UCL MBIM 

DMMdMM—fVp**"*OnibMdan ipdKa 

. M<|C«I «.|.I« E 



I E T 

' Zt ar^rnAmm 

N',rT.C«> I C'4« u ' N.,rT.C«> i N ,. C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u - N.,rT.t«i I [•.ji", i N ,. [«» u 

I HiifT.'irr. fj I. [«eie I 

Ma ifT..|fT. Ctei9 I " Ma ifT..|fT. rj I. [«ei« I 

« Ctei9 c . 1 «i'i N i.Ctei« 

tW. C.ei«c i C'C^i^u 

M«3,v. ["ei® u i' I 

[•«« u II -• N"l [•«« u 

' • • L J« 3 C'«« I i 1 ^ • C • I L J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«C»| II' «^i«V«ffeQOPT«t 

bii'«ii^T«,, II..1 UWonQOPTM 

DMM4 DM N«md m 51 Ipiiw ImM 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm Hspvanvia UCLi 

L -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP TM «) DMMri OIWI^M 

-C'T«,, ' MMvOvirpQOPTM 

^ '«'i Ki'-i' II..' UiMpv^MralQOP 

OnMd dM WM Qmm% CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

k Ui IMLEI 1 -f k it»*j ii« i«3 HLEI 

TI.44 ).« IMLEI II '' T|«I4 IC.4; II«I«3HLEI 

<«> >.a IHLEI 1' ',it lt<4; 119 i«3i 

Qaim* (PM MHM 

t.4l|Mf| 1- . 

Qaim* H05 SMWW larv hipM HWOMM 

I IMLEI 11I k JI4I \t>»: n« I«3 HLEI 

IIHLEI 11.'^ II«I«3HLEI 

I IHLEI '.11. '.•> ',it Iti4i ||« I«3I 

Upwind QOPTMwDMMdCbMMinft# 

II". 

4I 4i.,« 11" ["ei® i«3 [•«*«£«« L ;i. (f.*! 41 

'«i 1^ U'A II 1' UWMQOPTM 

.41; 4I 4-^ II '. [•»!« i«3 C'«4 <c«« L irT.41 41 

DMawd DM WM Liipmmd a 51 Stpfan* LM 

Lnpwmd flOS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

k M t W. |1 ;;«3| 1 ." * M III 

[•!! ;;te3i 11.11 -F-- 4 " 4-

kM I,.3413 Ell I I tte4r.ii - • 

DtBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

HapaaiMi* PM UCL 5wblb« 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

. k M |C«i «.|.l« E 



N',rT.C«> I C'4« u 1 N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u r N.,rT.t«i I [•.ji", i N ,. [«» u 

I >. N i.[«eiei 

jiiji. e Ctei9 c II C<ei «i.i fJ i.[«eie u 

tW. 1^19 c . [•[«!« u 

M«3,v. ["ei® u - ie I 

[•«« u i II- N"l [•«« u 

) <«t4i' ( L 3 C '4« I; ' C' I L 3 C •»!« I; 

H«md QOF T«t«) 0%r 

K«c»i -ilk T«,, II «^i«V«ffeQOPT«t 

biii«i 1^ U'A i«ini UWonQOPTM 

DMMd Dmrn Hoi Nwmd « SI LMI 

{KM SHtofw larv Nwmd CrilM ll«v««n«VN UCLi 

tw. 1- - I*r.3*i3 Ell I i ttev. 

[• f 1„ -f"- M( lEi -I III L 

•F • H III III L ^11- -F • H |C^ «n,l« E» UII4CI III L 

QaniM QOP TM «) DiMMd 

-C'T«,, u«,.,s 1J.J MM)-Ovir«QOPT«t 

^ '«'i Kii'ii Umayp^Mral QOP 

DMMri^MWvM/Sp.QaniM (blfaJiin«Sl Syiiwee Im^ 

QaniM a^iiiw DIM 

kUiiHLEi ii4" k ji*i it»*i •I«I«3HLEI 

TI.44 ).« IMLEI TI«I4 ;i« 1C.4; II«I«3HLEI 

r», >.a IHLEI 1' '.•> ',lt Iti4i ||« I«3I 

Qaim* (PM MnM 

K41 iMfl II 1 

Qaim* HOS SMWW larv b"M*^ HwOMiB 

I IMLEI II 1". k JI4I \t,t: |I« i«3 HLEI 

I IHLEI - 1 TI«I4 ut IC>4; ||« I«3 HLEI 

I IMLEI •'' I-I ',it Iti4i ||« I«3I 

sCifl 

Upwmd QOPTliDMiBiaii iMiii Ortr 

-ilk T«^i i«.^i. II-J «^i«ViffeQOPTM 

-ilk 4I 4i.,« II -" ["ei® i«3 [•«*«£«« L ;i. (f.^i 41 

|'«| 1^ U'A i«in. II 11' UWanQOPTM 

1.41; 4I 4-^ 11.11- [•ei« i«3 C'«4 <c«« L irT.41 41 

Dmmrni DM la^mmd m 9% Sprfbn* 

Lsyemid flOS SMafw Udrv bnM*^ HB> &••• 

VCLJ Cbvbuiv) md M EninM idmt Ommi dM «• LiipMin CbvbMd 

M( t W. |1 ;;«3| -11. * M III 

l\\ ;;te3l 1 -FS i M 

M( I,.3413 Ell I I tte4r.ii 

DLAMnin 

DU2 Hmd DtB U^Trv^md 

DlAb nB(4 raMniw^d m*e* pmididle •enpeewe widHMied ri 

OfVfaJiin PIM UCL SMBIM 

•d DM ^MIAM taiDA (MbMd« n ipdlM* 



N',rT.C«> I C'4« u N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u N.,rT.t«i I [•.ji", i N ,. [«» u 

I N i.[«eiei 

Ma ifT..|fT. Ctei9 I Ma ifT..|fT. rj I. [«ei« I 

«i,«i. « Ctei9 C 1J ' C«i «i.| rj i.Ctsi« i; 

tW. C.ei«c - C'C^i^u 

[•»!« u ^ > C«|«U 

[•«« U 1 N"l [•«« U 

t • • L •? J« 3 C'«« I i 1 ' •. C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«c»> -'Ik T«,, ii-c «^i«V«ffeQOPT«t 

bii'«i>^T«,, c UWonQOPTM 

DMMri DM Heii^«5% Ipiwiiw iMtd 

{KM 9ttmim larv Nwmd CrilM ll«v««n«VN UCLi 

tW. e 411- IV.34I3 Ell I i ttev. 

[• . ',i MdEi -I III L 

• H III III L • - • •MiC^i «.|.I«E UII4CI III L 

• M l.-l III L • • • H E nil « I III L 

QaniM QOP TM «) DMMd 

-C'T«,, 1144. MMvOvir^QOPTM 

^ '«'i Ki'-i' UmMP^Mral QOP 

DMMd dM WM Qanm* [MhMd« SI LMI 

QaniM S^nhemDwiedDMa* 

k Ui IHLEI II- k ;i4i IC»4; ||« I«3 HLEI 

TI.44 ).« IMLEI 1' i Tl«i« ;i« ic.«; II«I«3HLEI 

r», >.a IHLEI '<1 '.•> ',lt lt'4i ||« I«3I 

HLEtW.iti*; |I9I«3I ' HLE 3it'4i (I® I«3I 

Qaim* (PM MnM 

Qaim* ROD SMWW larv b"M*^ HwOMiB 

I IMLEI 4 4-. k J|,I \t,t: ||« i«3 HLEI 

I IHLEI 1..' It®l4iHlt'4i II«I«3HLEI 

I IHLEI 

Upwmd QOflmrnOmimiatm iMiii Ortr 

-ilk T«^I I«ni' 11-4 

-ilk 4i 4i.,« II 1 ["ei® I«3 [•«*«£«« L ;i. (".ii 41 

l'«i n ,«.ni 11.11^ UWMQOPTM 

Ii4 n 4i 4-^ II 1 [•ei« i«3 C'«4 <c«« L irT.«i «i 

DMaMd DM WM Lg^Miind a 9% Sprfbn* 

Lipinmd HOS 9iaaf« Uarv bnM*^ HB> &••• 

VCLJ Cbvbuia) md M EninM idmt DMMd dM «• LiipMin CbvbMd 

M( t W. |1 ;;«3| 1 f -• * M III 

M) [.11 j;te3i 114.. 4" 4-

M( I,.3413 Ell I I tte4r.ii ;;te3i n u 

DLBUa-Tra^med 

DlAb nB(4 MMiw^d m*e* pmididle wnpeMe aidHMied ri 

OfVfaJiin PM UCL SMBIM 

DMaMd DM WM ̂ MIIM Hmwd OnihMda n 9w*m 

• k M |C«I «.|.I« E 

UCL MUM tar DM 9M tddt Hv>-DMaB 

I L li.C.J 



N',rT.C«> I C'4« u N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u - N.,rT.t«i I [•.ji", i N ,. [«» u 

I N i.[«eiei 

Ma ifT..|fT. Ctei9 I 1 . Ma ifT..|fT. rj I. [«ei« I 

jiiji. e [<eiai c "" 1 • «i.i N i. [«eie i j 

IW. C.»i«c ""1 C'C«i«u 

M«3,v. ["ei® u 1"^ I 

[•«« u 1 "• N"l [•«« u 

' • • L J« 3 C'«« I i ^. C' I L J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«c»> 

bii'«i>^T«,, UWonQOPTM 

Dmm4 DM N«md « 51 Ipiiw ImM 

{KM 9ttmim larv Nwmd CrilM Hspvanvia UCLi 

tw. II - . I*r.3*i3 Ell I I ttev. 

[• II . .e-- MdEi -I III L 

L II '1 -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP TM «) DMMri OIWI^M 

-l-U'A L«iini ii^m MMvOvirpQOPTM 

^ '«'i Ki'-i' 11.^1 UiMpv^Mral QOP 

OnMd dM WM Qmm% CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

kUilMLEi |i-" H«I«3HLEI 

Tl«i« ic.«; II«I«3HLEI 

<«> >.a IHLEI i 'II ',it III*; 119 i«3i 

Qaim* (PM MHM 

t.*l|Mf| -'i. 

Qaim* H05 SMWW larv hipM HWOMM 

MMLEI 11 "f k ji,i \t,t: ii« ie3 HLEI 

I It®!* in iti*i lie ie3 HLEI 

I IMLEI i-i ',it lti*i "9 ie3i 

Upwind QOPTMwDMMdCbMMinft# 

i«i^ii II ' 

*1 *!•,« II 1 ["eie ie3 [•«* «ce« L ;i. •".*! *1 

'eii^T«,, ,«.ni II..' UWMQOPTM 

.91; 4I ^'9 II 1 [•»!« ie3 ['94 <cea L 

DMawd DM WM Liipmmd a 51 Stpfan* LM 

Lnpwmd flOS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

Ml t W. |1 ;;«3| Ji • - * M III 

C'li ;;te3l II -F-- 4 " 4-

Ml 19.3413 EJI I I tte4r.ii -J 

DtBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

HapaaiMi* PM UCL 5wblb« 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

. Ml iC«i 9'iiie E 



N.,rT.t«i I [•«« u • N.,rT.t«i i N r. c 

N.,rT.t«i I [•,j|,r. I c.ei« u • N.,rT.t«i I [•.ji", i N ,. [«» u 

I " ^ N i.[«eiei 

Ma ifT..|fT. Ctei9 I • • Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c «i'i N i.[«eie u 

tW. C.ei«c . C'C^i^u 

[•»!« u 1' > C«i«u 

[•«« U 1 N"l [•«« U 

t • • L •? J« 3 C'«« I i " " " C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 

K«c»> -'Ik T«,, 11 -1 

bii'«i>^T«,, >>. 1 UWonQOPTw 

Dmm4 DM N«md m 51 Ipiiw ImM 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm Hspvanvia UCLi 

iw. 1 - 1 I«r«3«>3 E» I i Itev. 

[• 1 a J .e-- MdEi -I III L 

L . -fM( iC^i «.|,I« E UII*CI III L 

QaniM QOP TM «) DMMd 0%i 

-C'T«,, u«,.,s MMvOvirpQOPTM 

^ '«'! Ki'-i' II 1-^ UmMV^MralQOP 

OnMd dM WM Qanin* [MhMd« 51 Ipiiwv* LMI 

QaniM 

kUiiHLEi .4-. k ji*i it»*i •I«I«3HLEI 

TI.44 ).« IMLEI 1II'. TI«I4 1C.4; II«I«3HLEI 

<«> >.a IHLEI •) ',it lt<4; 1191«3I 

Qaim* (PM DMIMM 

t.4l iMfl 1-1 

Qaim* H05 SMWW larv b"M*^ HwOMiB 

I IMLEI 1 II- k JI4I lt»4J |I« l«3 HLEI 

I IHLEI 1 •' 1 II«I«3HLEI 

I IMLEI ^ ' I-I '.14 lt'4i II« l«3l 

Upwmd gOPTf)DMiB<aiiiBiiii Ortr 

-ilk T«^, II' 

-ilk 4I 4i.,« II II ["ei® i«3 [•«*«£«« L ;i. (".ii 4! 

i'«i 1^ U'A i«ini II UWMQOPTM 

Ii4 1; 4I 4-^ II ^ [•»!« i«3 C'«4 <c«« LirT.41 4! ^"-i 

DMaMd DM WM Lg^Miind a 51 Stprfan* 

Lipinmd HQS Siaaf« Uarv bnM*^ HB> &••• 

VCLJ ijpMmd Cbvbuia) md M EninM idw DMMd dM «• LipMiii CbvbMd 

M( t W. |1 ;;«3| II 444 * M m 

M) [.11 j;te3i II -II. .FS i M 

M( I,.3413 EJI I I tte4r.ii ;;te3i n 

DLBUp-Tra^med 

DlAb nB(4 MMiw^d m*e* pmididle wnpeMe aidHMied ri 

cnPiwUCLDMblM 

DMaMd ftMM— M«md (Mbu^a 51 Ipiiw** M 

dUCLMUM 

. k M |C«i «.|.l« E 



N.,rT.t«i I [•«« u f N.,rT.t«i i N r. c 

N.,rT.t«i I [•,j|,r. I c.ei« u ^ N.,rT.t«i I [•.ji", i N ,. [«» u 

I "1^ N i.[«eiei 

Ma ifT..|fT. Ctei9 I ' • Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c ' «i'i N i.[«eie 

tW. C.ei«c . •• C'C^i^u 

M«3,v. ["ei® u 1" I 

[•«« u N"l [•«« u 

' • • L •? J« 3 C'«« I i Hi' C • I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 

K«c»> >> " 

bii'«i>^T«,, >>." UWonQOPTM 

Dmm4 DM N«md « 51 Ipiiw ImM 

{KM 9ttmim larv Nwmd CrilM Hspvanvia UCLi 

IW. 1 n.i l«r«3«>3 E» I I IteV. 

[• 1 .C". M(|Ei -I III L 

L .111' -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP TM «) DMMri 

-l-U'A i^u',u MMvOvirpQOPTM 

^ '«'i Ki'-i' UiMpv^Mral QOP 

OnMd dM WM Qanin* CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

kUiiMLEi II -.1 k ji*i it»*i •I«I«3HLEI 

IHLEI ,'•' II«I«3HLEI 

<«> >.a IHLEI ' '1J ',it lt<4; 119 i«3i 

Qaim* (PM MHM 

K4l|Mf| ii4ii1 

Qaim* H05 SMWW larv hipM HWOMM 

MMLEI II4.- k JI4I \t,t: |I« ie3 HLEI 

IIHLEI .'•• iieie3HLEi 

IIMLEI .'I J" '.•> ',it Iti4i "9 ie3i 

Upwind QOPTMwDMMdCbMMinft# 

-ii^ II 

4i 4i.,9 ii"'. ["eie 193 [•«* «ce« L ;i. (f.*! 4! 

'«i 1^ U'A II . 1 UWMQOPTM 

.91; 4I ^'9 II " [•»!« I«3 ['94 <c«a L irT.41 4! 

DMawd DM WM Liipmmd a 51 Stpfan* LM 

Lnpwmd HQS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

k M t W. |1 ;;«3| Ji M III 

C'li ;;te3l 1-4 -F-- 4 " 4-

kM 19.3413 EJI I I tte4r.ii ;;te3i 

DLBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

aipMUCLDwblM 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

dUCLwUM 

. k M |C«i 9'l<l« E 



N.,rT.t«i I [•«« u f N.,rT.t«i i N r. c 

N.,rT.t«i I [•,j|,r. I c.ei« u ^ N.,rT.t«i I [•.ji", i N ,. [«» u 

I ' 1 N i.[«eiei 

Ma ifT..|fT. Ctei9 I + Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c 1."^ «i'i N i.[«eie u 

IW. C.»i«c t-. C'C«i«u 

[•»!« u 1 > C«i«u 

[•«« U 1^1- N"l [•«« U 

' • • L J« 3 C'«« I i 1 ' C' I L J« 3 C "ei« I i 

H«md QOF T«t«) 

K«c»> >> 

bii'«i>^T«,, UWonQOPTM 

Dmm4 DM N«md « 51 Ipiiw ImM 

{KM 9ttmim larv Nwmd CrilM Hspvanvia UCLi 

tw. 1 1- I*r.3*i3 Ell I I ttev. 

[• 1.-4 .C". MdEi -I III L 

•f-- L .11 MdC^i «.|,I«E UII*CI III L 

Qanm* QOP TM «) DMMri 

-C'T«,, MMvOvirpQOPTM 

^ '«'i Ki'-i' "1 ' UiMpv^Mral QOP 

OnMd dM WM Qmm% CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

k U| IMLEI 1 J k ;i4i IC»4; ||« I«3 HLEI 

IHLEI .'I' It®l4iHlti4i II«I«3HLEI 

<«> >.a IHLEI 1 i I-I ',it lt<4; 1191«3I 

Qaim* (PM MHM 

1144. 

Qaim* H05 SMWW larv hipM HWOMM 

MMLEI II 1 • k \t,t: ii« ie3 HLEI 

IIHLEI > 1 Tl«i« ut lC>4; ii« i«3 HLEI 

IIMLEI •" • '.•> ',it Iti4i "9 ie3i 

Upwind QOPTMwDMMdCbMMinft# 

4i 4i.,9 ii'-. ["eie 193 [•«* «ce« L ;i. (f.*! 4! 

'«i 1^ U'A i«in. II 1'. UWMQOPTM 

.91; 4I ^'9 II " [•»!« I«3 ['94 <c«a LC". 

DMawd DM WM Lopwrnd a 51 Stpfan* LM 

Lnpwmd HQS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

M( t W. |1 ;;«3| . 1 • * M III 

M) [.11 ;;te3i II -a -F-- 4 " 4-

M( 19.3413 EJI I I tte4r.ii ;;te3i n i'-

DLBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

aipMUCLDwblM 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

dUCLwUM 

. M( |C«i 9.l'l« E 



N',rT.C«> I C'4« u ' N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u • N.,rT.t«i I [•.ji", i N ,. [«» u 

I 1' N i.[«eiei 

Ma ifT..|fT. Ctei9 I |i Ma ifT..|fT. rj I. [«ei« I 

jiiji. e [<eiai c 11i I • C(ei «i.i fj i. [<eie i j 

IW. C.»i«c 1" ' C'C«i«u 

[•»!« u J > C«i«u 

[•«« U 1 "• N"l [•«« U 

t • • L j« 3 C'«« I i 11- C • I L j« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«c»> -'Ik T«,, 11 .1 

bii'«i>^T«,, ,«.n' >>.J UWonQOPTM 

DMMri DM Heii^«5% Ipiwiiw iMtd 

{KM 9ttmim larv Nwmd CrilM ll«v««n«VN UCLi 

tw. I*r.3*i3 Ell I i ttev. 

[• •• .1 .e-- MdEi -I III L 

-f"- L 1 MdC^i «.i,i«E uii*ci III L 

QaniM QOP TM «) DMMd 

-C'T«,, u«,.,s ii^ii. MMvOvir^QOPTM 

^ '«'! Ki'-i' " UmMV^Mral QOP 

OnMd dM WM Qanm* [MhMd« SI LMI 

QaniM S^nhemDwiedDMa* 

kUilHLEi 1ii.f H«I«3HLEI 

TI.44 ).« IMLEI TI«I4 1C.4; II«I«3HLEI 

r», >.a IHLEI 1- "1 '.•> ',lt lt'4i ||« I«3I 

Qaim* (PM MnM 

t.4l iMfl II . f 

Qaim* ROD SMWW larv b"M*^ HwOMiB 

I IMLEI II • k JI4I \t,t: |I« i«3 HLEI 

I IMLEI I11 ^ It®l4 lt'4i II« l«3 HLEI 

I IMLEI ^ ',it lt<4; 1191«3I 

Upwmd QOflmrnOmimiatm iMiii Ortr 

-ilk T«^, II'Hi 

-ilk 4I 4i.,« II ["ei® I«3 [•«*«£«« L ;i. (".ii 4! 

I'«||^T«,, ,«.ni 11.11' UWMQOPTM 

Ii4 1; 4I 4-^ >>,•' [•»!« i«3 C'«4 <c«« L irT.41 4! ^"-i 

DMaMd DM WM Lg^Miind a 9% Sprfbn* 

Lipinmd HOS 9iaaf« Uarv bnM*^ HB> &••• 

VCLJ Cbvbuia) md M EninM idmt DMMd dM «• LiipMin CbvbMd 

M( t W. |1 ;;«3| 1 " * M III 

M) C.|l j;te3i 1 1141 4" 4-

Ml I,.3413 Ell I I tte4r.ii ;;te3i n 

DLAMidn 

DU2 Hmd DtB Ua-Tra^med 

DlAb nB(4 Manma^d m*a* pmididla •anpaeae eidHMied ri 

HavaaiMi* OfVfaJia) PM UCL SMBIM 

DMBsd DM w«a ̂ aaiiM Hand Onibaida n 9w*m 

• Ml |C«I «.|.I« E 



Hr|rT..,fT. I H,|fT..,fT. N r-C«ei« I 

Ma ifT..|fT. Ctei9 I 1-11 Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c «i'i N i.[«eie u 

tW. C.ei«c • C'C^i^u 

M«3,v. ["ei® u I 

[•«« u 1 N"l [•«« u 

' • • L •? J« 3 C'«« I i 1 ^ C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 
K«c»> >> ^ 

bii'«i>^T«,, >>.J UWonQOPTM 

Dmm4 DM N«md « 51 Ipiiw ImM 

{KM 9ttmim larv Nwmd CrilM Hspvanvia UCLi 

tw. .«! I*r.3*i3 Ell I I ttev. 

[• " . .e-- MliEi -I III L 

L •> •• -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP TM «) DMMri Ciiwi^M 

-C'T«^I MMvOvirpQOPTM 

^ '«'i Ki'-i' UiMpv^Mral QOP 

OnMd dM WM Qanin* CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

kUiiMLEi II "1f k ji*i it»*i •I«I«3HLEI 

IHLEI ''• It®i*initi*i II«I«3HLEI 

<«> >.a IHLEI 111 111 ',it lt<4; 119 i«3i 

Qaim* (PM MHM 

t.4l|Mf| II. -f 

Qaim* H05 SMWW larv hipM HWOMM 

MMLEI II .4 k JI4I \t,t: |I« ie3 HLEI 

IIHLEI II It9i4 Iti4i lie ie3 HLEI 

I IMLEI 1. '1 ',it lt<4; 119 ie3i 

Upwind QOPTMwDMMdCbMMinft# 

i«i^ii 11'.^ 

4i 4i.,e II II ["eie ie3 [•«* «ce« L ;i. (f.*! 4! 

lei 1^ U'A i«in. II 1' UWMQOPTM 

.91; 4I ^'9 II ^ [•»!« ie3 ['94 <cea LirT.41 4! 

DMawd DM WM Liipmmd a 51 Stpfan* LM 

Lnpwmd HQS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

k M t W. |1 ;;«3| . iif * M III 

C'li ;;te3l 11. -F-- 4 " 4-

kM 19.3413 EJI I I tte4r.ii ;;te3i n --

DLBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

aipMUCLDwblM 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

dUCLwUM 

. k M iC«i 9'iiie E 



N.,rT.t«i I [•«« u • N.,rT.t«i i N r. c 

N.,rT.t«i I [•,j|,r. I c.ei« u - N.,rT.t«i I [•.ji", i N ,. [«» u 

I . N i.[«eiei 

Ma ifT..|fT. Ctei9 I 14 Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c 1" .. «i'i N i.[«eie u 

IW. C.»i«c ' • C'C«i«u 

[•»!« u ' > C«i«u 

[•«« U 1.11 N"l [•«« U 

11«««| • • L J« 3 C'«« I i .1^1 C' I L J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«c»> -'Ik T«,, «^i«V«ffeQOPT«t 

bii'«i>^T«,, ,«.n' UWonQOPTM 

DMM4 DM N«md m 51 Ipiiw ImM 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm Hspvanvia UCLi 

tW. -e i*r.3*i3 Ell I i ttev. 

[• • . .C". MliEi -I III L 

L 11 -fMl iC^i «.|,l« E Uli*CI III L 

Qanm* QOP TM «) DMMri 

-C'T«,, 11-4 1 MMvOvirpQOPTM 

^ '«'! Ki'-i' UiMpv^Mral QOP 

DMaMri^MWvM/Sp.QBniM n»«faJiin«51 Spiiwee Im^ 

teim* MUM «) DMaMri DM ft# 

k UiiHLEi • 1 k \t,t', n« i«3 HLEI 

'».«* IHLEI II«I«3HLEI 

r», >.a IHLEI . '.•> ',lt lt'*i ||« I«3I 

Qaim* (PM MHM 

t.*l iMfl f 1 

Qaim* HOD SMWW larv hipM HWOMM 

MMLEI • -111 k \t,t: ii« i«3 HLEI 

I IHLEI 1... II«I«3HLEI 

I IHLEI II . ',it lt<4; 119 I«3I 

Upwind QOPTMiDMiBiaiiiBiiii ft# 

K«c»i -ilk T«,, II-.' 

t<4C" — ilk I iiii *1 ii'ie II II ["eie le 3 ['«4 N I L jn I ".*1 41 ^ ij 

biii«ii^T«,, ,«.ni II.' UWMQOPTM 

DMM DM WM ̂ #pMnM Lnp—md « 51 Spih«* LM 

Lnpwmd flOS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw md M EninM idwi DMMd dM «• LipMiii CbvbMd 

Ml t W. |1 ;;«3| 1 -f * M III 

Ml C.|l j;te3i 11'" 4" 4-

Ml I,.3413 Ell I I tte4r.ii 

DtBUpTrMvHwd 

DlAb rwn rwMinv^d m*e* pmididle wipeMi widHMied ri 

HvpraMi* PM UCL DWBIM 

DMM MM— M«md (MbM« 51 Ipiiw** M 

. Ml |C«i «.|.l« E 



N',rT.C«> I C'4« u 1 N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u 1 N.,rT.t«i I [•.ji", i N ,. [«» u 

I 1 N i.[«eiei 

jiiji. e[<eiaic «i.i N i.[«eie ij 

tW. C.ei«c .-J. C'C^i^u 

[•»!« u J>"> > C«i«u 

[•«« u N"l [•«« u 

t • • L •? J« 3 C'«« I i -111" C • I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 
K«c»> -'Ik T«,, iij.c 

bii'«i>^T«,, ,«.n' >>JJi UWonQOPTM 

DMMd (>•• Hal Nwmd « SI LMI 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm ll«v««n«VN UCLi 
tW. ieei i*r.3*i3 E" ' i ttev. 

[• cjii .C". MdEi -I III L 

•F s » M III III L J ' -F s » M |C^ «I|,I« E» UII4CI I" L 

QaniM QOP TM «) DiMMd 

-C'T«,, U4,.n' 1 J. MM)-Ovir«QOPT«t 

^ '«'i Ki'-i' UiMpv^MralQOP 

OmmrniDmnm tem« Cbvhari a 5% SprAwm M 

teiiM MiiMatDMMriDMft# 

kUilHLEi II f" H«I«3HLEI 

TI.44 l.« IMLEI ,'• TI«I4 ;i« 1C.4; II«I«3HLEI 

r», >.a IHLEI • I-I ',lt lt'4i ||« I«3I 

Qaim* P^^tavMia (PM MnM 
t.4l iMfl nil „ 

Qaim* HOS SMWW larv b"M*^ HWOOT 

I IMLEI II 1. 1 k JI4I lt»4i (I® l«3 HLEI 

I IHLEI 1.1^1 It®l4iHlt'4i II«I«3HLEI 

I IMLEI ' . n., Ut lt'4i II« l«3l 

UawmdQOflmrnOmimiaimiaiw Ortr 
-ilk T«^i i«'^i' II 

-ilk 4I 4l.,« II •• ["ei® l«3 [•«*«£«« L ;n »rT.4l 41 f". 

|'«| 1^ U'A I«ini II 1' UWanQOPTM 

Ii4 1; 4I 4-^ II.J' [•ei« i«3 C'«4 <c«« L ;n irT.41 41 ^"-i 

Dmmrni DM w«a Lg^Miind a 9% Sprfaam 

Lipinmd HOS Siaafw Uarv bnM*^ Ha> ftMia 

VCLJ la^ Cbvbuia) ari M EainM limt Ommi dai a* Liipam CbvbMd 

M( t W. |1 ;;«3| f . -f * M III 

[ill ;;te3l 1 -F-- 4 " 4-

M( I,.3413 Ell I I tte4n|l ;;te3l II 'i 

DLAMain 

DU2 Hamd DtB Ua-Tra^med 

DlAa na4 raianma^d m*a* pmididle •anpaeae eidHMad ri 

Haaaanei* Pi«* UCL SMBIM 

Ommrni DM w«a La^mmd OfVbMd aSS SpAaaM iMtd 



N',rT.C«> I C'4« u J N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u J N.,rT.t«i I [•.ji", i N ,. [«» u 

I 1' N i.[«eiei 

Ma ifT..|fT. Ctei9 I Ma ifT..|fT. rj I. [«ei« I 

« Ctei9 c * «i'i N i.Ctei« I', 

IW. C.»i«c C'C«i«u 

M«3,v. ["ei® u • I 

[•«« u - N"l [•«« u 

t • • L •? J« 3 C'«« I i 1 • "^ C • I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«c»> -'Ik T«,, «^i«V«ffeQOPT«t 

bii'«i>^T«,, >>.J UWonQOPTM 

DMM4 DM N«md m 51 Ipiiw La>d 

{KM 9tamim larv Nwmd CrilM Hspvanvia UCLi 

iw. 1 c I«r«3«>3 E» I i Itev. 

[• 4 .C". MdEi -I III L 

L J-'- -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP Tm& «) DMMri OIWI^M 

-C'T«,, 114' MMvOvirpQOPTM 

^ '«'! Ki'-i' UiMpv^MralQOP 

OnMd dM WM Qanin* CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

k UiiHLEi 1 f. t it»*j ii« i«3 HLEI 

'».«* IHLEI '-.J II«I«3HLEI 

r», 1.4 IHLEI 111 • '.•> '.14 lt'4i II« l«3l 

Qaim* (PM MHM 

t.*l iMfl II f 

Qaim* H05 SMWW larv hipM HWOMM 

I IMLEI II •. k \t,t', ii« i«3 HLEI 

I IHLEI II«I«3HLEI 

I IMLEI >. ' J ',14 It'*; ii« l«3l 

Upwind QOP TMmDMWd »*>•*• ft# 

-'Ik T«;, ,«';,' II ^4 

-'Ik *1 *I.,« II "4 ["ei® I«3 [•«*«£«« L ;i. (".*1 *1 

'«! i; U'A I«';i' II. ^ UWMQOPTM 

'4 i; *1 4-^ [•»!« i«3 ['«* <c«« L irT.«i «i 

DMawd DM WM Liipmmd a 51 Stpfan* LM 

Lnpwmd flOS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

M( t W. |1 ;;«3| II * M III 

C'il ;;te3l 11^- -F-- 4 " 4-

M( I,.3*13 Ell I I ttev.ii ;;te3i n „ 

DtBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

HapaaiMi* PM UCL 5wblb« 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

dUCLwUM 

-- k L i k M IC^I «.|,l« E 

Warwa:ft*« MM DCL#)r«arfbdnl 



I E I . I [ I E I F I G I H I I I I I 

UrnrndQCflm 

bii'«i U'A UWanQOPTM 

DM H«t nmwdm9% SpAam M 

^%p«nrv Nwmd CbvUgn 

m% Nmd UCL K* UCLJ l« »MM] 

M III L 11 I'I'C I' 1 

QVIMQOPTM 
-C'T«;i L4i>n> Ai*i*>DelEi 6eim« fiOF Tel 

^ '«'i Ki'-i' Wiley6eime 60F Tel 

DM N« QeiiM OfVbMd SyAane Uari 

kUilMLEi II 4" •I«I«3HLEI 

a IHLEI "^'I^' It®i*initi*i II«I«3HLEI 

<«> >.a IHLEI 1 11 ',it III*; 119 i«]i 

HLftW. Iti*j ii9i«]i > •• MLE 3iti*i (le leJi 

Mmsiir^ Qeme CbvbUM 

Ljyemri QOF Tel 
L«ywnnd QOF Tel 

U'A lami 111' UWMUywindQOFTel 

DM Hei Uywmd m 51 Ipiiea— Led 

I L 3 C' 4L4 ' ~ ) I941 • ' ^ C ^1 4 

I L p^3 C^i4 11 ~ C' I I p^3 C^i4 

Weihp liiyeii^ •edhJM 

h III L 1 I 4 "I-- I IH llEl III L 

, |M llEl III L I IH llEl III L 

, IM llEl III L^.^II.J 

HB»BBi>eie OevfaJM Fee UCL SMBIM 

DM * re taAe«4 OieeMe OnihJie f)J5) 

Mayeiew CbvUe Re UCLr 

I ",;K 9.3 .<•?. f.ii 



N',rT.C«> I C'4« u ' N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u - N.,rT.t«i I [•.ji", i N ,. [«» u 

I nil.' N i.[«eiei 

Ma ifT..|fT. Ctei9 I II -1 Ma ifT..|fT. rj I. [«ei« I 

jiiji. e [<eiai c 11 11" C«ei «i.i fj i. [<eie i j 

IW. C.»|« c " . 1 ['[«!« u 

M«3,v. ["ei® u I'll I 

[•«« u .1- N"l [•«« u 

' • • L J« 3 C'«« I i ^. C' I L J« 3 C "ei« I i 

H«md QOF T«t«) 
K«c»i -ilk T«,, II'-. «^i«V«ffeQOPT«t 

biii«ii^T«,, ,«.ni II J UWonQOPTM 

Dmm4 Heii^ «5% SpAan* Uari 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm HsvvanaVN UCLi 
i*r.3*i3 E" I i ttev. 

[• II 1- .C". MdEi -I III L 

L II 1^4 -fM( iC^i «.|,I« E UII*CI III L 

QaniM QOP TM «) DiMMd Ciawi^w 0%i 
-C'T«,, u«,.,s 114' MM)-Ovir«QOPT«t 

^ '«'! Kii'ii II.UiMpv^MralQOP 

DMMd dM WW Qmm% [MhMd« SI l^iwv* LMI 

QaniM S^nhemOwwdDwa* 
kUiiHLEi II-'1 k ji*i it»4i •I«I«3HLEI 

TI.4 4 ).« TI«I4 \t,tc ||« I«3 HLEI 

r», >.a IHLEI -1.' '.•> ',lt Iti4i II« l«3l 

Qaim* (PM MnM 
t.4l|Mf| II.-' 

Qaim* HOS SMWW larv b"M*^ HwOWB 

ilMLEi II' 14 k JI4I \t,t: |I« I«3 HLEI 

I IMLEI II 1^- It®l4iHlti4i II«I«3HLEI 

I IHLEI 1 ',it III*; 1191«3I 

gOPTW)DwiB<aiiiMiii Ortr 
-ilk T«^, 
-ilk 4i 4i.,e II- ["eie ie3 [•«* «cea L ;i. (f.^i 4! 

I'«||^T«,, 11.1- UWwQOPTw 
1.91; 4I 4-^ II [•»!« i«3 ['<4 <c«a L irT.41 4! 

DwaMd DM w** la^mmd m 9% Sprfbn* Lm^d 

Lip—'I'd HOS SMBIOT Udrp bnpMd Hmi &••• 

VCLJ iM^mmd CbvUv) md M Eiiinw idw Ommi daa «• LipMiii CbvbMd 
Ml t W. |1 ;;«3i . .'4 * M m 

l\\ -F-- 4 " 4-

Ml I,.3413 EJI I I tte4r.ii ;;te3i n 

DLBUp-Tre^iwd 

DlAb nB(4 rawniw^d m*e* wi*dle •enpeeere eidHwied ri 

cnPiwUCLSMblM 
DMaMd DM wwW®*"* OnihMdB n iptfi* 

dUCLMUM 
. Ml |C«I «.|.I« E 



N.,rT.t«i I [•«« u N.,rT.t«i i N r. c 

N.,rT.t«i I [•,j|,r. I C.ei« U N.,rT.t«i I [•,j|,r. i N r. [«» u 

I 1 N i.[«eiei 

Ma ifT..|fT. Ctei9 I .ill Ma ifT..|fT. rj I. [«ei« I 

jiiji. e [<eiai c '^<ei «i.i N i. [«eie i j 

IW. C.»|«C I ^ ['[«!« u 

[•»!« u 1 I C«i«u 

[•«« U "1 N"l [•«« U 

' • • L J« 3 C'«« I i . C' I L J« 3 C "ei« I i 

H«md QOF T«t«) 
K«c»i -ilk T«,, ii'M- «^i«V«ffeQOPT«t 

biii«ii^T«,, ,«.ni II." UWonQOPTM 

DMMd Dmrn Hoi Nwmd « SI LMI 

{KM SHtofw larv Nwmd CrilM ll«v««n«VN UCLi 

tw. .-Mi I*r.3*i3 Ell I i ttev. 

[• 4. . .e-- M( lEi -I III L 

* • M III III L i' ̂ -F • H |C^ «n,l« E» UII4C I III L 

QaniM QOP TM «) DiMMd 0%i 

-l-U'A L«iini iliM MM)-Ovir«QOPT«t 

^ '«'i liii'ii II i^i UiMp^MralQOP 

DMMd dM WW Qanin* CbvhMd« SI l^iwv* LMI 

teim* Mum «) QwMd DM ft# 

k Ui IHLEI II -f k J|,I It»*j |I« I«3 HLEI 

TI.44 ).« IMLEI TI«I4 ;i« 1C.4; II«I«3HLEI 

r», >.a IHLEI 1- "i M., ut Iti4i ||« I«3I 

Qaim* (PM Mnm 

t.4l iMfl II i" 

Qaim* HOS SMWW larv hipM HwOMiB 

I IMLEI II i 1i k ;I4I IC»4; ||« l«3 HLEI 

I IHLEI ' 1 1 TI«I4 ;i« 1C.4; II« |«] MLEI 

I IMLEI .1 M., ut Iti4i ||« I«3I 

sCifl 

QOflmrnOmimiaimiaiw ft# 
-ilk T«^i i«.^i. II "i 

-ilk 4I 4i.,« II 1 ["ei® i«3 [•«*«£«« L ;M »rT.4i 41 f". 

'«|>^T«,, ,«.ni 111.C UWwQOPTm 

i4 1; 4I 4-^ [•ei« I«3 C'«4 <c«« L ;M irT.41 41 ^"-i 

DMaMd DM w** la^mmd m 9% Stpr^bn* LM 

Lip—'I'd HOS SMafw Udrp bnM*d Hmi &••• 

VCLJ Cbvbuiv) md M Eilinw idw DMMd dM «• LipMiii CbvbMd 

M( t W. |1 ;;«3| . i M III 

M) [.11 j;te3i 1 iii1 4" 4-

M( i,.34i3 Ell I I tte4M|l ;;te3l n ii 

DUaMwwi 

DU2 Hmd DLB LwTrMvmd 

DlAb nB(4 MMiw^d intfvd. pimdidfw wnpvM* WNMM ri 

(nPiwUCLSMblm 

(>MlidDMWMMm«CbvbMd«St lp«lbn*M 

dUCLMUM 



N',rT.C«> I C'4« u N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u • N.,rT.t«i I [•.ji", i N ,. [«» u 

I N i.[«eiei 

Ma ifT..|fT. Ctei9 I •< Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c ^"1 «i'i N i.[«eie u 

IW. C.»i«c » C'C«i«u 

M«3,v. ["ei® u ^ I 

[•«« u •" N"l [•«« u 

' • • L •? J« 3 C'«« I i ^ ^ " C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 
K«c»> >> J. 

bii'«i>^T«,, UWonQOPTM 

DMMri DM N«mri m 51 Ipiiw Laid 

P^tevMia {KM 9ttmim lanp Nwmd CrilM HapvanVN UCLi 

tw. : -• I*r.3*i3 Ell I I ttev. 

[• : . .e-- MdEi -I III L 

L • -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP TM «) DMMri 

-l-U'A i^u',u 1.11. AdMvOvirpQOPTM 

^ '«'i Ki'-i' ' UiMpa^Mral QOP 

OmmrniDmnm tem« CbvbMri a 5« SprAwm M 

teim* MUM «) DMaMri DM ft# 

kUilMLEi 1 "ii4 H«I«3HLEI 

IHLEI .®J1 It®i*initi*i II«I«3HLEI 

<«> >.a IHLEI -ill ',it lt<4; 119 i«3i 

Qaima P^^tavMia (PM SMina* 

(.41 iMfl II -.4 

Qaima HOD SMWW larv b"M*^ HWOMM 

MMLEI 1 II.. k JI4I It»4i ne ie3 HLEI 

IIHLEI .' TI«I4 IC>4; II«I«3HLEI 

<«> <.4 IMLEI 

HLE IW. It.4; II9I«3I 

UpMiid gOPTMa)DMia<aiiiaiiii ft# 

— ilk I iiii 4I 4i.ie II 4. ["eie le 3 ['«4 N I L jn I ".4! 41 ^ >j 

I 1^ U'A I«ini II." UWMQOPTM 

DMMri DM Ha «5S Sa«MM M 

Ijpinmd HOS SiaafOT Uarv hnpa*^ Ha> &••• 

DLBLapTradamd 

DlAb na4 raMiiw^d mdaj pinMidla —wpab— adhMbd ri 

cnPiwUCLSMblM 

DMaMriftMM— M«md(Mbu^a5« Ipiiw**M 

dUCLwUM 
. M( |C«i «.|.l« E 



N',rT.C«> I C'4« u J N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u J N.,rT.t«i I [•.ji", i N ,. [«» u 

I . 1 N i.[«eiei 

Ma ifT..|fT. Ctei9 I ^ Ma ifT..|fT. rj I. [«ei« I 

jiiji. e [<eiai c 1 -411 C(ei «i.i fj i. [<eie i j 

IW. C.»i« c I ' C'C«i«u 

M«3,v. ["ei® u • I 

[•«« u 1 N"l [•«« u 

) <«t4i' ( L 3 C '4« I; . C' I L 3 C •»!« I; 

H«md QOF T«t«) 

K«c»> >> " «^i«V«ffeQOPT«t 

bii'«i>^T«,, UWonQOPTw 

DMM4 DM N«md m 51 Ipiiw ImM 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm Hspvanvia UCLi 

tW. iv.3*i3 Ell I I ttev. 

[• .1 . -- MIlEi -I III L 

L rj -fM( iC^i «.i,l« E uii*ci III L 

QaniM QOP TM «) DMMd 0%i 

-C'T«,, u«,.,s II.J MMvOvirpQOPTM 

^ '«'i Ki'-i' UiMpv^Mral QOP 

OnMd dM WM Qanin* [MhMd« 51 Ipiiwv* LMI 

QaniM 

kUilMLEi ii".. H«I«3HLEI 

IHLEI ^ It®i*initi*i II«I«3HLEI 

r», >.a IHLEI ^ . '.•> ',lt lti*i ||« I«3I 

Qaim* (PM DMIMM 

>.t\ iMfl II 1-

Qaim* H05 SMWW larv b"M*^ HwOMiB 

ilMLEi II k J|,I \t,t: |I« I«3 HLEI 

IIHLEI i-, Tl«i« ic.«; II«I«3HLEI 

IIMLEI • 'II. '.•> ',it lti*i ii« i«3l 

Upwmd gOPTf)DMiB<aiiiBiiii Ortr 

i«i^ii 11'^ 

*1 4i'i« II'i ["ei® i«3 [•«*«£«« L ;i. (f.*! 41 

I'«||^T«,, UWMQOPTM 

1.4 i; 4i 4-^ [•»!« I«3 C'«4 <c«« L C". 

DMaMd DM WM Lg^Miind a 51 Stprfan* 

Lipinmd HQS Siaaf« Uarv hnpa*^ HB> &••• 

VCLJ Cbvbuia) md M EninM idw DMMd dM «• LipMiii CbvbMd 

M( t W. |1 ;;«3i II 44 * M m 

[•!! ;;te3l 1 .' -F-- 4 " 4-

M( I,.3413 EJI I I tte4r.ii ;;te3i lun 

DUBUp-Tra^med 

DlAb nK4 Manma^d m*a* pmididla •anpaeae eidHMied ri 

mPiwUCLDMBlM 

DMa^ ftMM— Mamd (Mbu^a 51 Ipiivav* M 

dUCLwUM 

r J M( ic^i «.i,i« E 

Warwa: ̂  « MM DC LA) r« arfddil 



N',rT.C«> I C'4« u N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u 1" N.,rT.t«i I [•.ji", i N ,. [«» u 

I ^ N i.[«eiei 

Ma ifT..|fT. Ctei9 I • 111 Ma ifT..|fT. rj I. [«ei« I 

« Ctei9 c >.ii1' ^«i «!'! N i.Ctei« 

IW. C.»i« c 1. i ['[«!« u 

M«3,v. ["ei® u ^ I 

[•«« u . - N"l [•«« u 

) <«t4i' ( L 3 C '4« I; ' C' I L 3 C •»!« I; 

H«md QOF T«t«) 
K«c»i -ilk T«,, iic - «^i«V«ffeQOPT«t 

biii«ii^T«,, ,«.ni II J- UWonQOPTM 

DMMd Dmrn Hoi Nwmd « SI LMI 

{KM SHtofw larv Nwmd CrilM ll«v««n«VN UCLi 
iw. || .. I«r«3«i3 Ell I i Itev. 

[• 11-- .e-- MliEi -I III L 

L 1. • -fMl iC^i «.|,I« E UII*CI III L 

QaniM QOP TM «) DiMMri Ciiwi^w ft# 
-l-U'A L«iini i.iiJ MM)-Ovir«QOPT«t 

^ '«'! Kii'ii " " UiMpv^Mral QOP 

OmmrniDmnm tem« Cbvhari a 5% SprAwm M 

teiiM S^ahemDwie^Dwft# 
kUiiHLEi 1 liij k ;i4i ICM; II«I«3HLEI 

TI.44 ).« IMLEI 11' TI«I4 1C.4; II«I«3HLEI 

<«> >.a IHLEI - " ',it III*; 119 i«3i 

Qaim* P^^tavMia (PM MnM 
1.4l|Mf| ii4-f 

Qaim* HOS SMWW larv HWOOT 

MMLEI II k ;i4i \t>»: ||« i«3 HLEI 

I IHLEI 1 . ̂ Il®l4 Iti4i II« l«3 HLEI 

I IMLEI .'I 1' '.•> ',it Iti4i ||« I«3I 

Uawmd gOPTf)Dwia<aiiiaiiii ft# 
-ilk T«^, ft^nVvffeQOPTvt 
— ilk I iiii 4I 4l'i« II i. ["ei® !«3 ['«4 N I L jn I ".*1 41 ^ 1J 

I U'A i«ini IIUWanQOPTM 

DiMMri DM Ha aSS M 

Lipinmd HQS 9iaaf« Uarv bnM*^ HB> &••• 

DUBUa-Tra^med 

DlAb na4 raianma^d mtfad. pnniMfa •anpa*'* «idN»vM ri 

cnPiwUCLSMblM 
DM * M taAM4 OIMTMI OnibJia) a Sft lyihaai LMI 

dUCLwUM 



N',rT.C«> I C'4« u M N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I C.ei« U 1-3 N.,rT.t«i I [-.Ji". i N r. [«» u 

I 1 N i.[«eiei 

41141. « [(giai c 3 1E - • «i.i N I. [«eie IJ 

tW. 1^19 c » •' C'C^i^u 

M«3,v. ["ei® u 1^11 I 

[•«« u 1 N"l [•«« u 

11«««| • • L •? J« 3 C'«« I i •' C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 

K«c»> -'Ik T«,, 11' 

bii'«i>^T«,, ,«.n' >>3>>^ UWonQOPTM 

DMMd (>•• Hal Nwmd « SI LMI 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm ll«v««n«VN UCLi 

tW. .» 4 • 1V.3413 Ell I i ttev-

[• ej.-e .C". M( lEi -I III L 

•F s » M III III L 3'114 -F s » M |C^ «I|,I« E» UII4CI I" L 

Qanm* QOP TM «) DiMMri Ciiwi^w 

-l-U'A i^u',u II'' MM)-Ovir«QOPT«t 

^ '«'i Ki'-i' ".11 UiMpv^MralQOP 

DMMri^MWvM/Sp.QaniM n»«faJiin«Sl Syiiwee Im^ 

teim* MUM «) DMMri DM ft# 

k Ui 1 k ;I4I IC»4; ||« I«3 HLEI 

IK«4 Ka IMLEI 14^114. Itei4 ',lt lt'4i II« l«3 HLEI 

<«> i-a IMLEI 3 . r.., ;ia it.4; 119 i«3i 

Qaim* (PM MHM 

t.4l|Mf| II."4 

Qaim* HOS SMWW larv hipM HWOMM 

I IMLEI II r- k JI4I lt»4J |I« l«3 HLEI 

I IMLEI 1'J3 " Itei4 ',lt lt'4i ||« l«3 HLEI 

I IMLEI • • ',it lt'4i ||« I«3I 

sCifl 

Upwmd gOPTf)DMiB<aiiiMiii ft# 

-ilk T«^i la.^i' II ^ 

-ilk 4I 4i.,« II "4 ["ei® i«3 [•«*«£«« L ;i. (f-ii 41 

'«! 1^ U'A i«ini II 1 . UWMQOPTM 

'4 1; 4I II. ~ [•ei« i«3 C'«4 <c«« L irT.41 41 

Ommrni DM w** la^mmd m 9% Sprfbn* LM 

Lsyemid HQS SMafw Udrv bnpM Umi &••• 

VCLJ ijpMmd Cbvbuiv) md M EninM idw DMMd dM «• LiipMin CbvbMd 

M( t W. |1 ;;«3| " f M III 

M) C-il j;te3i . 4" 4-

M( ia.3413 Ell I I tte4r.ii ;;te3i 1 

DUaMwwi 

DU2 Hmd DLB U^TrMvmd 

DlAb nB(4 MMiw^d m*e* pmididle wnpeMe widHMied ri 

OfVfaJiin PM UCL SMBIM 

•d DM ^MIAM (MbMd« SI ipdRvM* LM 



N',rT.C«> I C'4« u .•> N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u 1- N.,rT.t«i I [•.ji", i N ,. [«» u 

I ' " N i.[«eiei 

jiiji. e Ctei9 c ' 1" E- «i'i N i.[«eie 

tW. 1^19 c M " C'C^i^u 

M«3,v. ["ei® u '-ii"! I 

[•«« u . . N"l [•«« u 

' • • L •? J« 3 C'«« I i "^1 C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 
K«c»> «^i«V«ffeQOPT«t 

bii'«i>^T«,, ,«.n. >> 1' UWonQOPTM 

DMMd Dmrn Hoi Nwmd « SI LMI 

{KM 9ttmim larv Nwmd CrilM ll«v««n«VN UCLi 

tw. 1 II-. I*r.3*i3 Ell I I ttev. 

[• .14111 .C". MliEi -I III L 

•F • H III III L .11 J -F • H |C^ «H,I« E» UII4CI III L 

Qanm* QOP TM «) DiMMri Ciiwi^w 

-C'T«,, u«,.ni MM)-Ovir«QOPT«t 

^ '«'i Ki'-i' "UiMpv^Mral QOP 

DMMd dM WW Qanin* CbvhMd« SI l^iwv* LMI 

teim* Mum «) QwMd DM ft# 

kUilMLEi II-.. H«I«3HLEI 

TI.44 ).« IMLEI 1' " TI«I4 ;i« 1C.4; II«I«3HLEI 

'«>)'« IHLEI J ' ',it III*; 119 i«3i 

Qaim* (PM Mnm 

1.4l|Mf| II -

Qaim* HOS SMWW larv hipM HwOMiB 

I IMLEI II if k JI4I \t,t: |I« i«3 HLEI 

IIHLEI ~ i TI«I4 ut IC>4; ||« I«3 HLEI 

I IHLEI . '.•> ',it Iti4i ||« I«3I 

60PT«mDw*dCfcw>e*eft# 
i«i^ii >1"^ 

4I 4i.,« II "iif C«ei« i«3 [•«* «£«« L ;i. (f.*! 41 

>«| 1^ U'A i«ini II 11 UWwQOPTm 

.41; 4I 4-^ >>1' [•»!« i«3 C'«4 <c«« L irT.41 4! 

DMaMd DM w** la^mmd m 9% Stpr^bn* LM 

Lip—'I'd HOS SMafw Udrp bnM*d Hmi &••• 

VCLJ Cbvbuiv) md M Eilinw idw DMMd dM «• LipMiii CbvbMd 

Ml t W. |1 ;;«3| -f * M III 

Ml [.11 ;;te3i 1 -1- f"' 4" 4-

Ml I,.3413 Ell I I tte4r.ii ;;te3i n 

DUaMwwi 

DU2 Hmd DLB LwTrMvmd 

DlAb nB(4 MMiw^d intfvd. pimdidfw wnpvM* WNMM ri 

(nPiwUCLSMblm 

(>MlidDMWMMm«CbvbMd«St lp«lbn*M 

dUCLMUM 



APPENDIX B-7 
FISH TISSUE - ALL SPECIES 



AppMidix B-" 
Prol'C'L Outpul - Fish Tissiif - .All Spfcks 

Sniokrv Mounlaln Snidlrrs 
KnoxvilJr. TMinfssff 

Gannl UCL SldMia for Mo Solo with Noi-Modi 
Llov SolododOpiionf 

From Filo -tJI (-

Fijll FrO'Ii lOri OFF 

Gtn«rei Stdiilicii 
tlijmt'Or 01 C'Oi-fOi-f'lC' 

tJiirnt.or tlori-C'Oi'fO C' 

F Oi'IOiii I lOii-C'Oi'f 

I ['OI-fOI-T'l 

1 [loiOOO'l 

f lirnriiijrii I J.^ri-Qioi0 

t 1-5.imijm tlori-C'Oi'f 

l09im\Morm9^ SMslio 
t lim ,[.01-

f l^.im.jm C'OIT.IIT.) 

:[. ,:^ [.0100 0.) 

f lirnrii.jrii I I.:.ri-[.oiO'll 

t iori-[.oiO.:i f 15. 

II'IIO C'HJO t.O O m.jliil.loC'L • 1.1 0 .:i M U loit.O.li rO'I 

For -tJI n.0it..>1 lO'.IOl'ini [.L'. \ noit.O'l I 

Of. or HJiOr. < Lfy.lO 1 llC' f^O irOOiO'l fs llC' r,.)lo C'L tJor.-C'OiO.:i F Or.: Or.i 10 

Ihn vi<n^5DMd«d>Mu«m4iiidM 
Ndc It ihould bm notad thA MT becMep ba p«fcrn«d at thii dAo Mt 

lha rMuMn9 cdcuUiona net ba ralltf a to dw ccnduilona 

It li raconrntfldid to hM 10-1 ^ or ma% didind obaarvdiaia for oeeunda end maenln^ful rawKa 

UCL 9bdlil)o 
Normei DidribuUon Tad with Datadad Veiuaa Only 

Ih-ti^iiro --il^ To I jUJi 1|.: 

c. Ihoi.iro --il^ '! riii.:-tJ "tJ.JO 

Dda e^paer Nvmal d Signiflcanca LMI 

Logiormei Dldributiai Taat with Ddadad Veiuaa Only 
Ih-ti^iiro --il^ To I jUJi ii.: 

c. Ihoi.iro --il^ '! riii.:-tJ "tJ.JO 

Dda oppaar Lo^iamei d S\ Sgnifleenoa LMI 

Anumlng Nonnd Df^lbutlon 
C'L: , t loit.o.) 

t loor. 

Aaajmlng Lo^icrmal Ditributlon 
C'L : f loit.o.) 

t loor. 
:C' 

-it ILEI t loit.o.) 

t lOOr. 

•fF tlLEiii 

t ILE iTihji 

Lo.) P'j: t loit.o.) 

t lOfy. ir. L.:..,) I.IfJO 

;C' ir. L.:..; ;.:^Jo 

t lo-tij. ir. '!'ri.)iri-tJ Ir-tJo 

; C' ir. .!.rii)iriOl I .I^JO 

•fC, iii,;|_ 

For.ior.iilo E'.:..:ii "ir-ti^. i.i.i L 

•fC, _ E,O,:H 1.1.; L 

•fC, HI.I.:L 

I iiFl 

II .FJ 

Gornna Diafrlbutlon Tad wHh Datadad Vduaa Only Dda Diafrlbutlon Tad wHh Ddadad Vduai Only 
Dda ̂ pav Ncrmal d Signiflcvca LMI 

-C'To I juji ii.: 

c. —C":riii.:-tJ -tJ.jO 

t •: To 1 juji ii.: 

c. fj.jo 

Dda e^paer Gemma DIdributad d 5H Signiflcenca LMI 

Anumlng Gamma Dertributlcn 
.jori.ri.O F'i'; jUJi 1|.: .J ir..) E'lr-tii.01-^90.)C'19 0 

t lOOr. 

t 10.)i'?y. 

Ncnpran^lc 9ldldla 

Tt,- 1-ty 

I I.J i-tu 

-i.l.'it.i. 

0 -vtior, r, ) s Jill 

ij 0 -tior. r, < Jill 

t -M.I-tU.-t loior iM (i t loit..:..) 

t lOOr. 

•til :L 
•iF 111 in 1.1.;L 

•lF t f 1 llfglkW.llOl i.i'iL 

•jc, t , 1 it.o.iH ir^^.h IJ.; L 

•iF t t 1 lEn-i i.i'iL 

t t 1 iF or.IOr.iilO ir-ti^.i iJ.; L 

•jc, M1i.:t,otr ti^'ii.i'iL 

•j-c, M1i.:t,otr ti^'ii.i'iL 

M1i.:t,0tr ti^'ll.l'iL 

PdWTtId UQ.etoUaa 
M 111 11.1.; L 

t t 1 iF or.IOr.iilO ir-ti^.i iJ.; L 

Nota: DU2 li nd a racommandad mdhod. 
Nctcc Suggadlona ragvdlng ttia aaladlai d a 96H UCL «a prcMdad to hdp tha uav to adad tha mod ̂ p^da 99% UCL 
Thaaa ractvnmwiddlona va baaad upon tha rnuKa of tha amuldlon dudaa lummvizad In Singh. Mddila vd Laa (Z0D6). 

For eddtlond Inaght ttia uaer m^ wait to conault a ddididen. 



Mtraity 

AppMidix B-" 

Prol'C'L Outpul - Fish Tissiif - .All Spfcks 

Sniokrv Mounlaln Snidlrrs 

KnoxvilJr. TMinfssff 

Gmvri SiMiflio 

tl'jriil-r •:< ['•fi'fO'f'lC' 

F .fi'Iifiii I 

f lirnriiijrii t .f 

n-5. ,n,.in,rJor. 

Lo94mdonn*d SMitbc* 

t iiiii . C'ri-

f iiiiiiiiijiii t 

I 1-3, 

I C'3J3 1,3 • 
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APPENDIX C 
VAPOR INTRUSION CALCULATIONS 



TaUe C-1 
Vapor Intrusion Calculations - On-Slte Worker - RME 

Smokey Mountain Smelters 
Knoxvliie, Tennessee 

OSWER VAPOR INTRUSION ASSESSMENT 
Sub-slab or Exterior Soil Gas Concentration to Indoor Air Concentration (SGC-IAC) Calculator Version 3.3.1, January 201S RSLs 

Parameter Symbol Value Instructions 
Exposure Scenario Scenario Commercial Select residential or commercial scenano from pull down list 
Tarqet Risk for Carcinoqens TCR SG 1.00E-06 Enter target risk for carcinogens (for comparison to the calculated Vi carcinogenic risk in column F) 
Target Hazard Quotient for Non-Carcinogens THQ SG 0.1 Enter target hazard quotient for non-carcinogens (for comparison to the calculated Vi hazard in column G) 

Site Sub-slab or 
Exterior Soli Gas 

Concentration 

Calculated 
Indoor Air 

Concentration 

VI 
Carcinogenic 

Risk 
VI Hazard inhalation Unit 

Risk IUR 
Source* 

Reference 
Concentration RFC 

Source* 

Mutagenic 
indicator 

Csq Cia 
CR HQ 

iUR 

IUR 
Source* RfC 

RFC 
Source* 

CAS Chemical Name (ug/m') (ug/m') 
CR HQ 

(ua/m^)-' (mq/m^) i 
71432 Benzene 2.1E+01 2.10E+00 1.3E-06 1.6E-02 7.80E-06 3.00E-02 i 
67663 Chloroform 1.2E+01 1.20E+00 2.3E-06 2.8E-03 2.30E-05 9.80E-02 A 
74873 Chioromethane 1.0E+04 1.00E+03 No lUR 2.5E+00 9.00E-02 1 
75343 Dichioroethane. 1.1- 1.8E+03 1.80E+02 2.3E-05 No RfC 1.60E-06 OA 

107062 Dichioroethane. 1.2- 3.8E+03 3.80E+02 8.1E-04 1.2E+01 2.60E-05 7.00E-03 P 
100414 Ethvibenzene 3.2E+01 3.18E+00 6.5E-07 7.3E-04 2.50E-06 OA 1.00E+00 1 
95636 Trimethvibenzene. 1.2.4- 2.2E+01 2.19E+00 No lUR 7.1E-02 7.00E-03 P 

Total 8.3E-04 1.5E+01 
Notes: 

(1) inhalatlon Pathway Exoosure Parameters (RUE): Units Residential Commercial 
Selected (based on 

scenario) 
Exposure Scenario Symbol Value Symbol Value Symbol Value 
Averaging time for carcinogens <yrs) ATc R SG 70 ATc 0 SG 70 ATc SG 70 
Averaging time for non-carcinogens (yrs) ATnc R SG 26 ATnc C SG 25 ATnc SG 25 
Exposure duration (yrs) ED R SG 26 ED 0 SG 25 ED SG 25 
Exposure frequency (days/yr) EF R SG 350 EF C SG 250 EF SG 250 
Exposure time (hr/day) ET_R_SG 24 ET_C_SG 8 ET_SG 8 

(2) Generic Attenuation Factws: Residential Commercial Selected (based on 
scenario) 

Symbol Value Source Medium of Vapors Symbol Value Symbol Value 

Selected (based on 
scenario) 

Symbol Value 
Groundwater (-) AFgw R SG 0.001 AFgw C SG 0.001 AFgw SG 0.001 

AFss_R_SG 0.1 0.1 0.1 

<3) Formulas 

AFss_R_SG 0.1 0.1 0.1 

Ola, target = MiN( Cia,c; Cia.nc) 
Cla.c (ug/m3) = TOR x ATc x (365 days/yr) x (24 tirs/day) / (ED x EF x ET x lUR) 
Cia.nc (ug/m3) = THQ x ATnc x (365 days/yr) x (24 hrs/day) x RfC x (1000 ug/mg)/ (ED x EF x ET) 

Notation: 
I = IRIS: EPA Integrated Risk information System (IRIS). Available online at: httpi/Awwvir.eDa.aov/lris/subst/index.html 
P = PPRTV. EPA Prowsional Peer Reviewed Toxicity Values (PPRTVs). Available online at: htlD://hhDDrtv.oml.Qav/DDrtv.shtml 
A = Agency for Toxic Substances and Disease Registry (ATSDR) Minimum Risk Levels (MRLs). Available online at: httD://www.alsdr.cdc.Qav/mr1s/index.html 
OA = Callfomia Environmental Protection Agency/Office of Environmental Health Hazard Assessment assessments. Available online at: httD://www.oehha.ca.Qov/risk/ChemicalDB/index.asD 
H = HEAST. EPA Superfund HealtJi Effects Assessment Summary Tables (HEAST) database. Available online at: htto://eDa-heast.Qrnl.Qov/heasl.shtml 
S = See RSL User Guide, Section 5 
X = PPRTV Appendix 
Mul = Chemical acts according to the mutagenic-mode-of-action, special exposure parameters apply (see footnote (4) above). 
VC = Special exposure equation for vinyl chlonde applies (see Navigabon Guide for equation). 
TCE = Special mutagenic and non-mutagenic lURs for trichloroethylene appty (see footnote (4) above). 
Yellow highlighting indicates site-specific parameters that may be edited by the user. 
Blue highlighting indicates exposure factors that are based on Risk Assessment Guidance for Superfund (RAGS) or EPA vapor intrusion guidance, which generally should not t>e changed. 
Pink highlighting indicates VI carcinogenic risk greater than the target risk for carcinogens (TCR) or Vi Hazard greater than or equal to the target hazard quotient for non-carcinogens (THQ). 
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TaUe C-2 
Vapor Intrusion Calculations - On-Site Worker - CTE 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

OSWER VAPOR INTRUSION ASSESSMENT 
Sub-slab or Exterior Soil Gas Concentration to Indoor Air Concentration (SGC-IAC) Calculator Version 3.3.1, January 201S RSLs 

Parameter Symbol Value Instructions 
Exposure Scenario Scenario Commercial Select residential or commercial scenano from pull down list 
Tarqet Risk for Carcinoqens TCR SG 1.00E-06 Enter target risk for carcinogens (for comparison to the calculated Vi carcinogenic risk in column F) 
Target Hazard Quotient for Non-Carcinogens THQ SG 0.1 Enter target hazard quotient for non-carcinogens (for comparison to the calculated Vi hazard in column G) 

Site Sub-slab or 
Exterior Soli Gas 

Concentration 

Calculated 
Indoor Air 

Concentration 

VI 
Carcinogenic 

Risk 
VI Hazard inhalation Unit 

Risk IUR 
Source* 

Reference 
Concentration RFC 

Source* 

Mutagenic 
indicator 

Csq Cia 
CR HQ 

iUR 

IUR 
Source* RfC 

RFC 
Source* 

CAS Chemical Name (ug/m') (ug/m') 
CR HQ 

(ua/m^)-' (mq/m^) i 
71432 Benzene 2.1E+01 2.10E+00 1.6E-07 1.9E-03 7.80E-06 3.00E-02 i 
67663 Chloroform 1.2E+01 1.20E+00 2.7E-07 3.4E-04 2.30E-05 9.80E-02 A 
74873 Chioromethane 1.0E+04 1.00E+03 No lUR 3.0E-01 9.00E-02 1 
75343 Dichioroethane. 1.1- 1.8E+03 1.80E+02 2.eE-06 No RfC 1.60E-06 OA 

107062 Dichioroethane. 1.2- 3.8E+03 3.80E+02 9.7E-05 1.5E1-00 2.6QE-05 7.00E-03 P 
100414 Ethvibenzene 3.2E+01 3.18E+00 7.8E-08 8.7E-05 2.50E-06 OA 1.00E+00 1 
95636 Trimethvibenzene. 1.2.4- 2.2E+01 2.19E+00 No lUR 8.6E-03 7.00E-03 P 

Total 1.0E-04 1.8E+00 
Notes: 

(1) inhalatlon Pathway Exoosure Parameters (CTEl: Units Residential Commercial 
Selected (based on 

scenario) 
Exposure Scenario Symbol Value Symbol Value Symbol Value 
Averaging time for carcinogens <yrs) ATc R SG 70 ATc 0 SG 70 ATc SG 70 
Averaging time for non-carcinogens (yrs) ATnc R SG 26 ATnc C SG 25 ATnc SG 25 
Exposure duration (yrs) ED R SG 13 ED 0 SG 12 ED SG 12 
Exposure frequency (days/yr) EF R SG 350 EF C SG 125 EF SG 125 
Exposure time (hr/day) ET_R_SG 16 ET_C_SG 4 ET_SG 4 

(2) Generic Attenuation Factws: Residential Commercial Selected (based on 
scenario) 

Symbol Value Source Medium of Vapors Symbol Value Symbol Value 

Selected (based on 
scenario) 

Symbol Value 
Groundwater (-) AFgw R SG 0.001 AFgw C SG 0.001 AFgw SG 0.001 

AFss_R_SG 0.1 0.1 0.1 

<3) Formulas 

AFss_R_SG 0.1 0.1 0.1 

Ola, target = MiN( Cia,c; Cia.nc) 
Cla.c (ug/m3) = TOR x ATc x (365 days/yr) x (24 tirs/day) / (ED x EF x ET x lUR) 
Cia.nc (ug/m3) = THQ x ATnc x (365 days/yr) x (24 hrs/day) x RfC x (1000 ug/mg)/ (ED x EF x ET) 

Notation: 
I = IRIS: EPA Integrated Risk information System (IRIS). Available online at: httDi/Awwvr.eDa.aov/iris/subst/lndex.html 
P = PPRTV. EPA Prowsional Peer Reviewed Toxicity Values (PPRTVs). Available online at: htlD://hhDDrtv.oml.Qav/DDrtv.shtml 
A = Agency for Toxic Substances and Disease Registry (ATSDR) Minimum Risk Levels (MRLs). Available online at: httD://www.alsdr.cdc.Qav/mr1s/index.html 
OA = Callfomia Environmental Protection Agency/Office of Environmental Health Hazard Assessment assessments. Available online at: httD://www.oehha.ca.Qov/risk/ChemicalDB/index.asD 
H = HEAST. EPA Superfund HealtJi Effects Assessment Summary Tables (HEAST) database. Available online at: htto://eDa-heast.Qrnl.Qov/heasl.shtml 
S = See RSL User Guide, Section 5 
X = PPRTV Appendix 
Mul = Chemical acts according to the mutagenic-mode-of-action, special exposure parameters apply (see footnote (4) above). 
VC = Special exposure equation for vinyl chlonde applies (see Navigation Guide for equation). 
TCE = Special mutagenic and non-mutagenic lURs for trichloroettiylene appty (see footnote (4) above). 
Yellow highlighting indicates site-specific parameters that may be edited by the user. 
Blue highlighting indicates exposure factors that are based on Risk Assessment Guidance for Superfund (RAGS) or EPA vapor intrusion guidance, which generally should not t>e changed. 
Pink highlighting indicates VI carcinogenic risk greater than the target risk for carcinogens (TCR) or Vi Hazard greater than or equal to the target hazard quotient for non-carcinogens (THQ). 
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TaUe C-3 
Vapor IntruslofiCalculatlons - Residential - RME 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

OSWER VAPOR INTRUSION ASSESSMENT 
Sub-slab or Exterior Soil Gas Concentration to Indoor Air Concentration (SGC-IAC) Calculator Version 3.3.1, January 201S RSLs 

Parameter Symbol Value Instructions 
Exposure Scenario Scenario Residential Select residential or commercial scenano from pull down list 
Tarqet Risk for Carcinoqens TCR SG 1.00E-06 Enter target risk for carcinogens (for comparison to the calculated Vi carcinogenic risk in column F) 
Target Hazard Quotient for Non-Carcinogens THQ SG 0.1 Enter target hazard quotient for non-carcinogens (for comparison to the calculated Vi hazard in column G) 

Site Sub-slab or 
Exterior Soli Gas 

Concentration 

Calculated 
Indoor Air 

Concentration 

VI 
Carcinogenic 

Risk 
VI Hazard inhalation Unit 

Risk IUR 
Source* 

Reference 
Concentration RFC 

Source* 

Mutagenic 
indicator 

Csq Cia 
CR HQ 

iUR 

IUR 
Source* RfC 

RFC 
Source* 

CAS Chemical Name (ug/m') (ug/m') 
CR HQ 

(ua/m^)-' (mq/m^) i 
71432 Benzene 2.1E+01 2.10E+00 5.8E-06 6.7E-02 7.80E-06 3.00E-02 i 
67663 Chloroform 1.2E+01 1.20E+00 9.8E-06 1.2E-02 2.30E-05 9.80E-02 A 
74873 Chioromethane 1.0E+04 1.00E+03 No lUR 1.1E+01 9.00E-02 1 
75343 Dichioroethane. 1.1- 1.8E+03 1.80E+02 1.0E-04 No RfC 1.60E-06 OA 

107062 Dichioroethane. 1.2- 3.8E+03 3.80E+02 3.SE-03 S.2E+01 2.60E-05 7.00E-03 P 
100414 Ethvibenzene 3.2E+01 3.18E+00 2.8E-06 3.0E-03 2.50E-06 OA I.OOE-r-OO 1 
95636 Trimethvibenzene. 1.2.4- 2.2E+01 2.19E+00 No lUR 3.0E-01 7.00E-03 P 

Total 3.6E-03 6.3E+01 
Notes: 

(1) inhalatlon Pathway Exoosure Parameters (RUE): Units Residential Commercial 
Selected (based on 

scenario) 
Exposure Scenario Symbol Value Symbol Value Symbol Value 
Averaging time for carcinogens <yrs) ATc R SG 70 ATc 0 SG 70 ATc SG 70 
Averaging time for non-carcinogens (yrs) ATnc R SG 26 ATnc C SG 25 ATnc SG 26 
Exposure duration (yrs) ED R SG 26 ED 0 SG 25 ED SG 26 
Exposure frequency (days/yr) EF R SG 350 EF C SG 250 EF SG 350 
Exposure time (hr/day) ET_R_SG 24 ET_C_SG 8 ET_SG 24 

(2) Generic Attenuation Factws: Residential Commercial Selected (based on 
scenario) 

Symbol Value Source Medium of Vapors Symbol Value Symbol Value 

Selected (based on 
scenario) 

Symbol Value 
Groundwater (-) AFgw R SG 0.001 AFgw C SG 0.001 AFgw SG 0.001 

AFss_R_SG 0.1 0.1 0.1 

<3) Formulas 

AFss_R_SG 0.1 0.1 0.1 

Ola, target = MIN( Cia,c; Cia.nc) 
Cia,c (ug/m3) = TOR x ATc x (365 days/yr) x (24 tirs/day) / (ED x EF x ET x lUR) 
Cia.nc (ug/m3) = THQ x ATnc x (365 days/yr) x (24 hrs/day) x RfC x (1000 ug/mg)/ (ED x EF x ET) 

Notation: 
I = IRIS: EPA Integrated Risk Information System (IRIS). Available online at: httpi/Awwvir.eDa.aov/lris/subst/index.html 
P = PPRTV. EPA Prowsional Peer Reviewed Toxicity Values (PPRTVs). Available online at: htlD://hhDDrtv.oml.Qav/DDrtv.shtml 
A = Agency for Toxic Substances and Disease Registry (ATSDR) Minimum Risk Levels (MRLs). Available online at: httD://www.alsdr.cdc.Qav/mr1s/index.html 
OA = Callfomia Environmental Protection Agency/Office of Environmental Health Hazard Assessment assessments. Available online at: httD://www.oehha.ca.Qov/risk/ChemicalDB/index.asD 
H = HEAST. EPA Superfund HealtJi Effects Assessment Summary Tables (HEAST) database. Available online at: htto://eDa-heast.Qrnl.Qov/heasl.shtml 
S = See RSL User Guide, Section 5 
X = PPRTV Appendix 
Mul = Chemical acts according to the mutagenic-mode-of-action, special exposure parameters apply (see footnote (4) above). 
VC = Special exposure equation for vinyl chlonde applies (see Navigation Guide for equation). 
TCE = Special mutagenic and non-mutagenic lURs for trichloroettiylene appty (see footnote (4) above). 
Yellow highlighting indicates site-specific parameters that may be edited by the user. 
Blue highlighting indicates exposure factors that are based on Risk Assessment Guidance for Superfund (RAGS) or EPA vapor intrusion guidance, which generally should not t>e changed. 
Pink highlighting indicates VI carcinogenic risk greater than the target risk for carcinogens (TCR) or Vi Hazard greater than or equal to the target hazard quotient for non-carcinogens (THQ). 
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TaUe C-4 
Vapor Intrusion Calculations - Residential - GTE 

Sntokey Mountain Smelters 
Knoxvllle, Tennessee 

OSWER VAPOR INTRUSION ASSESSMENT 
Sub-slab or Exterior Soil Gas Concentration to Indoor Air Concentration (SGC-IAC) Calculator Version 3.3.1, January 201S RSLs 

Parameter Symbol Value Instructions 
Exposure Scenario Scenario Residential Select residential or commercial scenano from pull down list 
Tarqet Risk for Carcinoqens TCR SG 1.00E-06 Enter target risk for carcinogens (for comparison to the calculated Vi carcinogenic risk in column F) 
Target Hazard Quotient for Non-Carcinogens THQ SG 0.1 Enter target hazard quotient for non-carcinogens (for comparison to the calculated Vi hazard in column G) 

Site Sub-slab or 
Exterior Soli Gas 

Concentration 

Calculated 
Indoor Air 

Concentration 

VI 
Carcinogenic 

Risk 
VI Hazard inhalation Unit 

Risk IUR 
Source* 

Reference 
Concentration RFC 

Source* 

Mutagenic 
indicator 

Csq Cia 
CR HQ 

iUR 

IUR 
Source* RfC 

RFC 
Source* 

CAS Chemical Name (ug/m') (ug/m') 
CR HQ 

(ua/m^)-' (mq/m^) i 
71432 Benzene 2.1E+01 2.10E+00 2.2E-06 2.6E-02 7.80E-06 3.00E-02 i 
67663 Chloroform 1.2E+01 1.20E+00 3.8E-06 4.5E-03 2.30E-05 9.80E-02 A 
74873 Chioromethane 1.0E+04 1.00E+03 No lUR 4.1E+00 9.00E-02 1 
75343 Dichioroethane. 1.1- 1.8E+03 1.80E+02 3.9E-05 No RfC 1.60E-06 OA 

107062 Dichioroethane. 1.2- 3.8E+03 3.80E+02 1.4E-03 2.0E+01 2.60E-05 7.00E-03 P 
100414 Ethvibenzene 3.2E+01 3.18E+00 1.1E-06 1.2E-03 2.50E-06 OA I.OOE-^00 1 
95636 Trimethvibenzene. 1.2.4- 2.2E+01 2.19E+00 No lUR 1.2E-01 7.00E-03 P 

1.4E-03 2.4E+01 
Notes: 

(1) inhalatlon Pathway Exoosure Parameters (CTEl: Units Residential Commercial 
Selected (based on 

scenario) 
Exposure Scenario Symbol Value Symbol Value Symbol Value 
Averaging time for carcinogens <yrs) ATc R SG 70 ATc 0 SG 70 ATc SG 70 
Averaging time for non-carcinogens (yrs) ATnc R SG 26 ATnc C SG 25 ATnc SG 26 
Exposure duration (yrs) ED R SG 15 ED 0 SG 12 ED SG 15 
Exposure frequency (days/yr) EF R SG 350 EF C SG 125 EF SG 350 
Exposure time (hr/day) ET_R_SG 16 ET_C_SG 4 ET_SG 16 

(2) Generic Attenuation Factws: Residential Commercial Selected (based on 
scenario) 

Symbol Value Source Medium of Vapors Symbol Value Symbol Value 

Selected (based on 
scenario) 

Symbol Value 
Groundwater (-) AFgw R SG 0.001 AFgw C SG 0.001 AFgw SG 0.001 

AFss_R_SG 0.1 0.1 0.1 

<3) Formulas 

AFss_R_SG 0.1 0.1 0.1 

Ola, target = MIN( Cia,c; Cia.nc) 
Cia,c (ug/m3) = TOR x ATc x (365 days/yr) x (24 tirs/day) / (ED x EF x ET x lUR) 
Cia.nc (ug/m3) = THQ x ATnc x (365 days/yr) x (24 hrs/day) x RfC x (1000 ug/mg)/ (ED x EF x ET) 

Notation: 
I = IRIS: EPA Integrated Risk Information System (IRIS). Available online at: httD:/Avww.eDa.Qov/lris/subst/index.html 
P = PPRTV. EPA Provisional Peer Reviewed Toxicity Values (PPRTVs). Available online at: htlD://hhDDrtv.oml.Qov/DDrtv.shtml 
A = Agency for Toxic Substances and Disease Registry (ATSDR) Minimum Risk Levels (MRLs). Available online at: htlD://www.alsdr.cdc.Qov/mr1s/index.fttml 
OA = California Environmental Protection Agency/Office of Environmental Health Hazard Assessment assessments. Available online at: httD://www.oehha.ca.aov/risk/CtremicalDB/index.asti 
H = HEAST. EPA Superfund Health Effects Assessment Summary Tables (HEAST) database. Available online at: hftD://eDa-heast.ornl.Qov/heasl.shtml 
S = See RSL User Guide, Section 5 
X = PPRTV Appendix 
Mul = Chemical acts according to the mutagenic-mode-of-action, special exposure parameters apply (see footnote (4) above). 
VC = Special exposure equation for vinyl chlonde appltes (see Navigation Guide for equation). 
TCE = Special mutagenic and non-mutagenic lURs for trichloroettiylene appty (see footnote (4) above). 
Yellow highlighting indicates site-specific parameters that may be edited by the user. 
Blue highlighting indicates exposure factors that are based on Risk Assessment Guidance for Superfund (RAGS) or EPA vapor intrusion guidance, which generally should not be changed. 
Pink highlighting indicates VI carcinogenic risk greater than ttie target risk for carcinogens (TCR) or Vi Hazard greater than or equal to the target hazard quotient for non-carcinogens (THQ). 
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APPENDIX D 
lEUBK LEAD MODEL OUTPUTS 



Appendix D 
lEUBK Lead Results 

Siiiokey Mountam Smelters 
Kiioxxille, Tennessee 

Shallow Groundwater 

Prob. Disliibubon 

Cuton - lOQOQ llgMI 
Gea Mean = 4.063 
GSD = 1 BOfl 
XAiewe = 2,834 

Pb Cor>r. ||ig/ill | 

Age Range ~ 8 !o mortlh:; 

Run Mode = Rescaith 

LEAD MODEL FOR WINDOWS Version 1.1 

Model Version: 1.1 Buildll 
User Name: 
Date: 
Site Name: 
Operable Unit: 
Run Mode: Research 

****** Air ****** 

indoor Air Pb Concentration: 30.000 percent of outdoor. 
Other Air Parameters: 

Age Time 
Outdoors 

Ventilation Lung Outdoor Air 
Rate Absorption Pb Cone 



(hours) (mVday) (%) (pg Pb/m') 

.5-1 1.000 2.000 32.000 0.100 
1-2 2.000 3.000 32.000 0.100 
2-3 3.000 5.000 32.000 0.100 
3-4 4.000 5.000 32.000 0.100 
4-5 4.000 5.000 32.000 0.100 
5-6 4.000 7.000 32.000 0.100 
8-7 4.000 7.000 32.000 0.100 

****** Diet ****** 

Age Diet lntake(pg/day) 

.5-1 2.260 
1-2 1.960 
2-3 2.130 
3-4 2.040 
4-5 1.950 
5-6 2.050 
6-7 2.220 

****** Drinking Water ****** 

Water Consumption: 
Age Water (L/day) 

.5-1 0.200 
1-2 0.500 
2-3 0.520 
3-4 0.530 
4-5 0.550 
5-6 0.580 
6-7 0.590 

Drinking Water Concentration: 20.600 pg Pb/L 

****** Soil & Dust ****** 

Multiple Source Analysis Used 
Average multiple source concentration: 150.000 pg/g 

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700 
Outdoor airborne lead to indoor household dust lead concentration: 
Use alternate indoor dust Pb sources? No 

Age Soil (pg Pb/g) House Dust (pg Pb/g) 

.5-1 200.000 150.000 
1-2 200.000 150.000 
2-3 200.000 150.000 
3-4 200.000 150.000 
4-5 200.000 150.000 
5-6 200.000 150.000 
6-7 200.000 150.000 



****** Alternate Intake ****** 

Age Alternate (pg Pb/day) 

.5-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

^**** Maternal Contribution: Infant Model *^*** 

Maternal Blood Concentration: 1.000 pg Pb/dL 

***************************************** 
CALCULATED BLOOD LEAD AND LEAD UPTAKES: 
***************************************** 

Year Air Diet Alternate Water 
(pg/day) (pg/day) (pg/day) (pg/day) 

.5-1 0.021 1.043 0.000 1.901 
1-2 0.034 0.883 0.000 4.639 
2-3 0.062 0.972 0.000 4.887 
3-4 0.067 0.942 0.000 5.042 
4-5 0.067 0.917 0.000 5.329 
5-6 0.093 0.971 0.000 5.661 
6-7 0.093 1.057 0.000 5.785 

Year Soil+Dust Total Blood 
(pg/day) (pg/day) (pg/dL) 

.5-1 4.060 7.026 3.8 
1-2 6.293 11.850 4.8 
2-3 6.374 12.294 4.6 
3-4 6.452 12.503 4.4 
4-5 4.868 11.181 3.9 
5-6 4.414 11.139 3.5 
6-7 4.187 11.122 3.2 



Deep Groundwater 

Prob Dislribubon 

Pb CoBC iMB/llU 

Cutmi - 10.1100 MQ/iM 
CiCDMran ^ 4 005 
liUD = I 60(1 
S Above = 6.429 

- 0 to /? mofiHii 

He»rirrh 

LEAD MODEL FOR WINDOWS Version 1.1 

Model Version: 1.1 Buildll 
User Name: 
Date: 
Site Name: 
Operable Unit: 
Run Mode: Research 

****** Air ****** 

indoor Air Pb Concentration: 30.000 percent of outdoor. 
Other Air Parameters: 

Age Time Ventilation Lung Outdoor Air 
Outdoors Rate Absorption Pb Cone 
(hours) (m'/day) (%) (pg Pb/m') 

.5-1 1.000 2.000 32.000 0.100 
1-2 2.000 3.000 32.000 0.100 
2-3 3.000 5.000 32.000 0.100 
3-4 4.000 5.000 32.000 0.100 



4-5 4.000 5.000 32.000 0.100 
5-6 4.000 7.000 32.000 0.100 
6-7 4.000 7.000 32.000 0.100 

****** ****** Diet 

Age Diet lntake(pg/day) 

.5-1 2.260 
1-2 1.960 
2-3 2.130 
3-4 2.040 
4-5 1.950 
5-6 2.050 
6-7 2.220 

****** Drinking Water ****^ 

Water Consumption: 
Age Water (L/day) 

.5-1 0.200 
1-2 0.500 
2-3 0.520 
3-4 0.530 
4-5 0.550 
5-6 0.580 
6-7 0.590 

Drinking Water Concentration: 32.200 pg Pb/L 

^**** QQII ***^* 

Multiple Source Analysis Used 
Average multiple source concentration: 150.000 pg/g 

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700 
Outdoor airborne lead to indoor household dust lead concentration: 100.000 
Use alternate indoor dust Pb sources? No 

Age Soil (pg Pb/g) House Dust (pg Pb/g) 

.5-1 200.000 150.000 
1-2 200.000 150.000 
2-3 200.000 150.000 
3-4 200.000 150.000 
4-5 200.000 150.000 
5-6 200.000 150.000 
6-7 200.000 150.000 

™** Alternate Intake 

Age Alternate (pg Pb/day) 

.5-1 0.000 
1-2 0.000 



2-3 0.000 
3-4 0.000 
4-5 0.000 
5-6 0.000 
8-7 0.000 

****** Maternal Contribution: Infant Model ****** 

Maternal Blood Concentration: 1.000 pg Pb/dL 

***************************************** 
CALCULATED BLOOD LEAD AND LEAD UPTAKES: 
***************************************** 

Year Air Diet Alternate Water 
(pg/day) (pg/day) (pg/day) (pg/day) 

.5-1 0.021 1.031 0.000 2.938 
1-2 0.034 0.864 0.000 7.101 
2-3 0.062 0.953 0.000 7.495 
3-4 0.067 0.926 0.000 7.749 
4-5 0.067 0.903 0.000 8.202 
5-6 0.093 0.957 0.000 8.719 
6-7 0.093 1.042 0.000 8.918 

Year Soil+Dust Total Blood 
(pg/day) (pg/day) (pg/dL) 

.5-1 4.014 8.005 4.3 
1-2 6.163 14.163 5.7 
2-3 6.254 14.765 5.5 
3-4 6.345 15.087 5.2 
4-5 4.793 13.965 4.7 
5-6 4.349 14.119 4.4 
6-7 4.130 14.183 4.0 
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Table E-1R 
Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-1R 
Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 
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Table E-2R 
Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 
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Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 
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Table E-2R 
Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 
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Calculation of COPC Cancer Risks and Noncancer Hazards -On-Slte Worker - Groundwater Exposure 
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Calculation of COPC Cancer Risks and Noncancer Hazards -On-Slte Worker - Groundwater Exposure 
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Table E-4 
Calculation of COPC Cancer Risks and Noncancer Hazards -On-Slte Worker - Groundwater Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 
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Table E-4 
Calculation of COPC Cancer Risks and Noncancer Hazards -On-Slte Worker - Groundwater Exposure 
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Table E-5 
Calculatlon of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Gas Exposure 

Reasonable Maximum Exposure 
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Table E-6 
Calculatlon of COPC Cancer Risks and Noncancer Hazards - On-SiteWorker - Soil Gas Exposure 
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Calculation of COPC Cancer Risks and Noncancer Hazards - Trespasser - Soil Exposure 
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Table E-7R 
Calculation of COPC Cancer Risks and Noncancer Hazards - Trespasser - Soil Exposure 
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Table E-7R 
Calculation of COPC Cancer Risks and Noncancer Hazards • Trespasser • Soil Exposure 

Reasonable Maximum Exposure 
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Table E-8R 
Calculation of COPC Cancer Risks and Noncancer Hazards - Trespasser - Soil Exposure 
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Table E-8R 
Calculation of COPC Cancer Risks and Noncancer Hazards -Trespasser • Soil Exposure 
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Table E-8R 
Calculation of COPC Cancer Risks and Noncancer Hazards - Trespasser - Soil Exposure 
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Table E-9R 
Calculation of COPC CancerRlsks and NoncancerHazards -Recreational Child User-Soil Exposure 
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Table E-22 
Calculation of COPC Cancer Risks and Noncancer Hazards - Child Resident - Groundwater Exposure 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-22 

Calculation of COPC Cancer Risks and Noncancer Hazards - Child Resident - Groundwater Exposure 
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Table E-26 
Calculation of COPC Cancer Risks and Noncancer Hazards - Adult Resident - Groundwater Exposure 
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Calculatlon of COPC Cancer Risks and Noncancer Hazards - Resident- Soil Gas Exposure 
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Calculation of COPC Cancer Risks and Noncancer Hazards - Child Angler - Fish Tissue Exposure 
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Calculation of COPC Cancer Risks and Noncancer Hazards - Adult Angler - Fish Tissue Exposure 
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Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

E -I'O Ijre Me'liijrn E -I":' Ijre F'Oiril 

E- I'O 'iir F'':"iie 

'! ti-rirni il ijf 

Poieriir,! •: or,, e 

F'l F •: ii' iji ill': H i; V'l •: ii' ijiili':' 

HV'l '^''Oiieiii 

Carp 

" .i-T'lC'C' TE'^' 

F''! E' C'ii:i- Ili-hk-r '! 'jli'l-rli-rl TE ' 

FOE-i:./! 

; tiiijirnijiri 

Levi 

J ••OE-
I vOE . 

-FiiE-

•' -FiiE-

I :.E< 

I :.E< 

:oE< 

I -:E< 

;• :E 
liE 

;• ''E 

I F'F'IV 

I OI-'IV 

I OI-'IV 

I OI-'IV 

I OI-'IV 

I OI-'IV 

Lil'ieiri'l'illli Ei 

" •i-T'lC'C' TE'L 

F''! E' C'liii-III.like '! 'I'li'ieiiei TE' 

F'':E..I:IAI 

; iiiiiiirnijiri 

l-leii iir-

:• -AiE-

I jOE-

Largemeuffi Bass 

I :.E< 

I :.E< 

jOE* 

J I.E. 

; "E-

I JE-

lOE-

I k'F'IV. 

I kil-'IV 

I kil-'IV 

I kil-'iv 

I kil-'IV 

ek Lii'ieiri'l'illii E." 

" .i-T'lC'C' TE'L 

F''! E' C'li:..Ill-like '! 'I'li'ieiiei TE' 

FOE.-IVAI 

; iiiiiiirnijiri 

Levi 

Mei' iir-

J lAiE-

I -iAiE * 

-TOE-

J A-E-

All Species 

I :.E< 

I :.E< 

jOE* 

I -:E< 

;• :E. 
-TOE-

I -:E. 

I kikilA 

I k.k.lA 

I k.k.lA 

I k.k.lA 

I k.k.lA 

I k.k.lA 
I k.k.lA 



Table E-33R 
Summary of Receptor Risks and Hazards for COPCs - On-Slte Worker 
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Table E-40R 
Summary of Receptor Risks and Hazards for COPCs - Trespasser 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-41R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Child User 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-42R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Child User 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-43R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Adult User 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-43R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Adult User 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

•iijih • Tiiii-li jiii- 'IIJII-IIL'FIJIIJI-

p_, F..|.iji:ni..ii P- i-:iii..ii:ii i, 

F_, ;i,|_ ;i,||||| 

'! ji. Ill' -i-iii' Fi :i 

E-i" 
F-ijI-

'! ji' III' -i-iii' Hj: ji'i' jij' 'ii-iii 

Fiiiiiji'-

Tji'i-l vi'l.'iiii 

i'i-:ii' 'ii iiihji :jii' E-i'-iiji-

F-ijl-i T' 

Fl-lilill -li El jli' II 

'i|'iMij"i jiilh' 

'il iMij-l jlilh-

J 'E 

JE •' :E 
JE 

'€ 

I "E 

N 

I '€ 

I I'E 

l-l'jil 

! ̂ jiii'l-

Jjii'i.'iii-

Th jlllijlli 

: -E 

J 'E 

IE 

J 'E 

J JE 

I •€ [' 1"|'|||_|||; 

N-K"|J: M1-I 

F-I'l' 

jili' 'iiii-iiiii: 

'-I - 'ij: ^ n-i 

H ji I 

-l-iiiiil -Il El jii' Il T' 'ijl 

Fl-iiiiil -Il El jii' Il 

'i|'iMij"l jlilh' 

'il iMij-i jlilh-

l-l'jll 

! - jiii'l-

-I jii'l jii-

Th jlllijlli 

Lu-I F-|'I'"||J'lu- MI-III E' I"|'III-|||: 

Ell'I'" nil- II-III F-l|'ii j|' 'I'- I - II-III El'" 

I l-i -"IJ I I -11-111 

E'-j.-l' 'I'Ill-Ill ji 'I ji'ii'ji' III ji I. II-III 

I l-i'-' 'ijl I - II-III Lnii'i !l III 

F -ll'ii jl' 'I - I - II-III 

F -ll'ii jl' 'I - I - II-III 

Tlnl"l'l 

T' 'Ijl Fl-iiiiil -Il El jii' h !' 

2 Of 3 



Table E-43R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Adult User 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

•iijih • Tiiii-li jiii- 'IIJII-IIL'FIJIIJI-

p_, F..|.iji:ni..ii P- i-:iii..ii:ii i, 

F_, ;i,|_ ;i,||||| 

IJ-IIIJIII 

IJ-lliJIli F..II1I 

'!li-lli|. jl 

..i F..|-iiii:ii 

'! jl' ii-'l-iii' Fii 11' 'Ii-'! jl' 1 '")-lii' HjZjl 1' >1' 'ii-iii 

'!• -Ill iihi-:ii. 4! iiiii jl .'ill' 'ii C'-iliijl E-i-iiii-

F-iii-i T"|jl 

Full! jij 

T ji'i-l 'I'i'i jiii: i 

iii'i-:ii' 'Ii iiiii jl .'ill' 'Ii C'-iiiijl E-i'-iiji-

F-iji-i T"| jl 

T..i:,i Fiii - i-i: -IIIJ- Ii j • 'jii- lu J E'lii' T' jl H j: ji'i -' i-i: -II1^ -'li j • 'I'll- ln- ii: 

T..i:,i Fiii i..:: -II1 I—Ii j Fl-iii ll -Ii El jii' 1 - :E.iir. T"|jl Hj: ji'i -' i-i j.|| Ij-iij . Fl- iiiii -Ii El jii' 1 ii 1 

3 Of 3 



Table E-44R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Adult User 

Central Tendency Exposure 
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Summary of Receptor Risks and Hazards for COPCs - Construction Worker 

Reasonable Maximum Exposure 
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Table E-64 
Summary of Receptor Risks and Hazards for COPCs - Adult Angler 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-65R 
Risk Summary - On-Slte Worker 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

ijii. • Tiiii-ii jiii- '! ijn-nl Fului-

.1 F . .|.ijl:i|i. .n On-! il- 'il -

1,1-lliJIII 

E.|...:ijl-

F • •ml 
•1 n-iiii^ jl • •! 
• I, .n. -in 

•1 jn in^ ••i-m^ F n 1 N. .fi-^. jl • ilj. •• l-fij. H jZ j|. 1 • ji.J^ •ti-Tit 

1,1-lliJIII 

E.|...:ijl-

F • •ml 
•1 n-iiii^ jl • •! 
• I, .n. -in in^i-iti^^i inn jl jti^^i C'-lliijl E-i-iiji-

F^^ul-i jl 

F niii jl , 

T jni-l •jl.) jiji : 1 

ln.|-:|i..n Inn jl j|i. .n C'-lliijl E.|...:ijl-

T..| j 

: "ii 1 ijn j^ - 1 • •il •iTi- 1 l[- : • • -T^IE^E^ TE'j 

-1 i-m^ 

•. tjf • •Il iiijii i 

1 :£-'"• 

4 £-'"• 

I.E.ill. 

N-

N-

N-

1 4E-"" 

1 iiE-iir. 

N- m
 

m
 

m
 

[•- -|..|.iii-n|jl 

! hn 

M..n- ..Fi-r -1 

ii ii4 

ii ill 

N-

N-

N-

4 

N-

ii ii4 

ii ii4 

ii ill 

: "ii 1 ijn j^ - 1 • •il •iTi- 1 l[-

• 1 n-iiii^ jl T• •[ jl 1 :E-"F N- 1 lE-i"^ 1 -E-iiF N- ii ill 

: "ii 1 ijn j^ - 1 • •il 

I'l'ij-lit- jl 1 -E-iiF 

luiij^ - O^il !••[ jl 1 -E-iiF 

r • •! jl On- III- 0 •!! 1 -E-iiF 

I ••il 1 ijn j^ - 1 • •il Fl-nml -n Ei jn^ 1 -1 i-ni^ 

•. tji • •li iiijii i 

4 •£-'"• 

4 -£-'"• 

N-

N-

E-Ii" 

N-

:E-iir. 

4 -E-I"^ 

! hn 

M..n- ..Fi-r -1 

N-

N-

4 

N-

I ••il 1 ijn j^ - 1 • •il Fl-nml -n Ei jn^ 1 

• 1 n-iiii^ jl T• •[ jl •_, I.E.ill. N- 7 7E-ii7 1 iiE-ii--. II: N- 11 ^ 

I ••il 1 ijn j^ - 1 • •il 

|Fl-nnil -n Ei jn^ n T• •[ jl 1 iiE-ii--. 11 ^ 

luiij^ - O^il !••[ jl 1 iiE-ii--. 11 ^ 

r • •[ jl Fl-nml -n Ei jn^ n I • •il 1 iiE-ii--. 11 ^ 

T..[ jl Fill -•!••:: -II i,i-iij - •ITI-IIF 1 -E-ii--. T..| ,1 H jZ jnl -• n.i: -II l,I-.|i j - •jii- Ol 11 • 

!• •[ jl F n 1 -•!••:: -Il j - Fl-nm -n El jn^ 1 iiE-ii--. T• •! jl H jZ j|. |,,: : -11 |,l-,|i j - Fl-n iil -n El jij. 1 11 

1 Of 1 



I ViO Tirrirrfr VTirr i jri'riiLPilIur'r 

ejior F'0("Jl'fliori 'I'r-I-ite -"-orver 

edor-ije -ijijit 

Table E-66 
Risk Summary - On-Site Worker - Groundwater 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-67 
Risk Summary - On-Site Worker - Groundwater 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-68 
Risk Summary - On-Slte Worker 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 
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Table E-69 
Risk Summary - On-Slte Worker 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-70R 
Risk Summary -Trespasser 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-71R 
Risk Summary - Trespasser 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxville, Tennessee 
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Table E-72R 
Risk Summeiry - Recreational Child User 

Reasoneibie Metximum Exposure 
Smokey Mountain Smelters 

Knoxviiie, Tennessee 
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Table E-73R 
Risk Summeiry - Recreational Child User 

Centred Tendency Exposure 
Smokey Mountain Smelters 

Knoxviiie, Tennessee 
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Table E-74R 
Risk Summeiry - Recreationd Adult User 

Reasoneible Meudmum Exposure 
Smokey Mountain Smelters 

Knoxville, Tennessee 
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Table E-75R 
Risk Summary - Age-Adjusted Resident 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-76R 
Risk Summeiry - Child Resident 
Reasoneibie Metximum Exposure 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

jii. • Tiiii-li jiii- Fijliji-

E-
F..IJI-: T. 

I-'! ji •III. -i-iii. H j: ji'i' jij. .[i-iii 

Finn jin 

Tjni-l vi'l.'iiii 

E.|...ii|i-

F..IJI-: T. 

•I'jll 

,|,|,_i 

[i—i..|.iii-iii:ii 

H jii 

• nlli-. 

luiij, _ ;,,ii T..i: 

Fl-iiiiil -ii El .'III' li ; ' " .T'l C'C' TE [i—i..|.iii-iii:ii 

Tlui..i.| 

i II' •iiii-:iiii : 

: nil j. - ! • 'il T. 

T• •! jl Fl-nnil -n Ei jin M ! • 

T. .| jl F III -• i. •: I -II IJ-li j . Oil- III 

T. .| jl F III -• i. •! I -II M-li j . Fl-nnil -n El jin 

T..| jl H j: jnl -. n.| I -II F 

T..| jl H j: jnl -. n.| I -II M-.|i j . Fl-

1 of 1 



Table E-77R 
Risk Summary - Age-Adjusted Resident 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-78 
Risk Summary - Age-Adjusted Resident - Groundwater 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-79 
Risk Summary - Child Resident - Groundwater 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 
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Table E-81 
Risk Summary - Age-Adjusted Resident - Groundwater 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Risk Summary - Child Resident - Groundwater 

Central Tendency Exposure 

Smokey Mountain Smelters 

Knoxviiie. Tennessee 
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Table E-83 
Risk Summary - Adult Resident - Groundwater 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-84 
Risk Summary - Resident 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-85 
Risk Summary - Resident 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-86 
Risk Summary - Child Angler 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-87 
Risk Summary - Child Angler 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-88 
Risk Summary - Adult Angler 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-89 
Risk Summary - Adult Angler 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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APPENDIX A 
SURFACE WATER EVALUATION 



Appendix A 
Surface \\ ater Ex aluation 

Siiiokey Mountam Smelters 
Kiioxxille, Teiuiessee 

As noted in Section 4. based on the minimum likelihood of human health exposure to 

surtace water and the low levels observed in the available surtace water data, the surtace 

water contact exposure scenarios were eliminated from consideration. This risk-based 

surtace water screening evaluation was the basis of that detennination. 

Based on the minimum likelihood of human health exposure to surtace water on-site iind 

along Flenniken Briinch. it was assumed that the surtace water contact exposure scenarios 

for these EAs should be eliminated from consideration in the HHRA. To account for 

potential human health exposure to surtace water in the Knob Creek Embayment. a risk-

based surtace water screening evaluation was perfonned. 

Tliere were 9 surtace water smnples collected within Knob Creek Embayment. Several 

VOCs and inorgiinics were detected in Knob Creek surtace water. Table presents a 

summaiy of the anal\1es detected in surtace water collected from Knob Creek, the 

screening toxicity value, and whether the maximum detected concentration exceeded the 

screening toxicity value, l^pdated National Recommended Water Quality Criteria 

(WQC) (EP.A. 2014e) were used as the primaiy reference for the screening toxicity value. 

In the absence of a WQC. a site-specitlc surtace water value for recreational exposure 

was calculated using the EP.A on-line RSL calculator (EP.A. 2015c) and input values used 

are as noted on Table .\-2. 

AW of the detected chemicals were below the screening value, with the exception of 

arsenic and niiingiinese. The ratios of the maximum detected concentrations to the RSLs 

for arsenic iind manganese were 178 and 4.4. Tlie ratios calculated from comparisons of 

soil, groundwater, and fish concentrations with their RSLs were either simihu* or much 

greater (groundwater). .Additionally, the WQCs were used as a primaiy reference. If 

site-specific RSLs were used as screening toxicity values, mangiinese would not be a 

COPC and the arsenic ratio would be 1.6. Erom this, it is cleiu* that the contribution to 

risks from the surtace water pathway would be very small compared to the risks from 



other pathways. Considering the minimal likelihood of human exposure to surtace water 

and that the contribution to overall risk would be minimal, the surtace water pathway was 

not quantitatively evaluated further in this risk assessment. 



Table A-1 
Occurrence, Distribution, and Selection of Contaminants of Potential Concern - Surface Water 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 
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Table A-2 
Site-Specific Recreator Equation Inputs for Surface Water 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 

variable value 
TR (target cancer risk) unitless 0.000001 
EOrecw (exposure duration - recreator) year 2b 
EDrecwa (exposure duration - adult) year 20 
EDrecwc (exposure duration - child) year b 
EDO.2 (mutagenic exposure duration) year 2 
ED2^ (mutagenic exposure duration) year 4 
EDe.ie (mutagenic exposure duration) year 10 
EDI6-3O (mutagenic exposure duration) year 10 
THQ (target hazard quotient) unitless 0.1 
LT (lifetime - recreator) year 70 
EF (exposure frequency) day/year 104 
EFrecwa (adult exposure frequency) day/year 1U4 
EF,ecwc (child exposure frequency) day/year 1U4 
EFO.2 (mutagenic exposure frequency) day/year 1U4 
EF2.6 (mutagenic exposure frequency) day/year 1U4 
EFe.ie (mutagenic exposure frequency) day/year 1U4 
EF16-30 (mutagenic exposure frequency) day/year 1U4 
ETrecw-adj (age-adjusted exposure time) hour/event 2 

ETrecw-msdi (mutagenic age-adjusted exposure time) 2 
ETrecwa (adult exposure time) hour/event 2 
ETrecvw: (chlld exposure time) hour/event 2 
ETrecwO-2 (mutagenic exposure time) hour/event 2 
ETrecw2-6 (mutagenic exposure time) hour/event 2 
ETrecw6-i6 (mutagenic exposure time) hour/event 2 
ETrecwis^ (mutagenic exposure time) hour/event 2 
EVrecwa (adult) events/day 1 
EVrecvw: (chlld) events/day 1 
EVo^ (mutagenic) events/day 1 
EV2.6 (mutagenic) events/day 1 
EV6.16 (mutagenic) events/day 1 
EVie^ (mutagenic) events/day 1 
BWfecwc (body weight - child) kg lb 
BWrecwa (body Weight - adult) kg 80 
BWoj (mutagenic body weight) kg lb 
BW2-6 (mutagenic body weight) kg lb 
BWe-ie (mutagenic body weight) kg 80 
BW16-30 (mutagenic body weight) kg 80 
BArecwc (skin surface area - child) cm ** bb/B 
BArecwa (skin surface area - adult) cm** 20900 
SAo^ (skin surface area - mutagenic) cm' bb/8 
SA2.6 (skin surface area - mutagenic) cm' bb/8 
BA6.16 (skin surface area - mutagenic) on ** 20900 
SA-ie^ (skin surface area - mutagenic) cm** 20900 
SAo^ (mutagenic skin surface area) cm bb/8 
SA2.6 (mutagenic skin surface area) cm bb/8 
BA6.16 (mutagenic skin surface area) cm** 20900 
SA-ie^ (mutagenic skin surface area) cm** 20900 
IFWrec-adj (age-adjusted water intake rate) L/kg b./b 

IFWMrec-adi (mutagenic age-adjusted water intake rate) 27.387 
DFWrec-ad] (age-adjusted dermal factor) cm''-event/kg 808/24.8 

DFWMrec-s(fi (mutagenic age-adjusted dermal factor) cm ' 2501865.6 
IF^Wrecwa (water intake rate - adult) L/hr U.Ub 
IRWrecwc (water intake rate - child) L/hr U.Ub 
IRWO.2 (mutagenic water intake rate) L/hr U.Ub 

IRW2_6 (mutagenic water intake rate) L/hr 0.05 

IRW6.16 (mutagenic water intake rate) L/hr 0.05 

IRWiftjo (mutagenic water intake rate) L/hr 0.05 

Isc (apparent thickness of stratum corneum) cm 0.001 

Output generated 18FEB2015:13;05:42 
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ProUCL Ouipul - On-Siie Total Soil 
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Prol'CL Oiilpiil - Flenniken Branch Surface Soil 

Sinokey Monnlain Sineilers 
Knoxville. Tennessee 
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Nota: Suggastions regarding tha saiadion of a 85% UCLara prMdad tohaiptha usar to salad tha most appropriate 85% UCL. 
These racemnsanddions are based upon tha results d tha simuidion studies surrmarizad in Singh, Singh, and lad ̂ 002) 

and Singh and Singh (2003). Foradditiond insight, tha usar mcy want tooonsult a statistidan. 

Nota: For highly nagativa-skawad dda, confidanoa iirrits 
(e.g., Chan, Johnson, Lognormai, and Gamma) may nd be 

raiiabia. Chan's and Johnson's methods prwida 
adjustrrwntsfor positvaiy skewed dda sets. 
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Polantlai UCL to Usa 

Nota: Suggastions ragardingtha saiadion of a 95% UCLara prMdad tohaiptha usar to salad tha most appropriata 95% UCL. 
Thasa racommanddions ara basad upon tha rasults d tha simulation studias surrmarizad in Singh, Singh, and lad ^002) 

and Singh and Singh (2003). For additional insight, tha usar may want to consult a statistidan. 
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Mota: Suggastions ragardingtha saiadion of a 85% UCL ara prMdad tohaiptha usarto salad tha most appropriata 85% UCL. 
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For additional insight, tha usarmay wanttooonsult a statistidan. 
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Logiotmd Stdidia 
t lirnriiijrii .jl 

>^wmm9 Lo^ivmal •itributicn 
'''• 1. JJ 

it 1 IJEI IJ,;L 1 J II, •)- c 

it 1 IJEI IJ,;L 1,, iic 

Ncnperan«tric Diitributiai FrM UCL 9IAiitici 
Ma to follav o DinmiUo Diitribuliai ^ 9% Si9ntficvc» LMI 

' tic it 1 ijEi ij'iL 

tiT in 'jEi ija 

j-tuiif-tu') Ec 

•(C, H-tjr E'OOi ir-tii.i.iiiL 

•)C iji; L 

' tiC it l-f-tui \'h iJ'iL 

1,^ It :,f, i.ii; L 

Nonpff emtfrie Qffribution Froo UCLi 
'iLTija i.iit. 

I i.iiiL 11 

1. . • 

1. II" 

if.I^WiiiTi.i'iL 

' tiC it l-f-t* 

; ' 1,4. it 

1. I'l 

1. 

F^rctfriiil-f E'XH 'i-tii' I.I'! L 1 1 

:.fi i.i'iL 

:.fi i.i'iL 

Suggtfod UCLtoUva 
jii.l^ni' -I i.iiiL 1. I'l 

fyi.) Iiri.^t, fynl IifMit, i.iiii .1 'fr i^illJl'^liO 

For O'MiiiOri-tJ ir. lOtii itiO'J -fr n 

.,:i i|,o riiO ' 01'I'101'1119 0 'iF iJo L 

iri Iiri'lt, IifMit, OJ,.|lig:i I.IIII.I 

or Oil POOJ --'I'rl'f'biO Oi 
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Lillirion SOFTiM 

Ua^pev N(rtnaltfS% Sj^iHicaicaLMl 

AnumingNcmd DiAibution 
SS% Nonnd IXL SS% UCLf (Wjy d«d tar SkAm«M) 

•I''. -,I||J ^•f•^|:LT i.iilL I'! Iirii'l' 

•|C. t 1.:.•llll•f•^l I.I'IL I I'Miii Oii-I • 

Goima QOFTfld 
II 'ii-i />od*raarrDadingGaimaGOFTMI 
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r liriiriiiirii .:.l LL"!• Ir'I E'1iJ t '' 
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•|C. H-l.liiL •llllll. •" 

i:i,.k.i, -1,.;, it 1 IJEI I.I'll -I'll •• •!" =• 

i:i,.k.i, -1,.5 it 1 IJEI I.I'll -i-i-i''- • 

Ncnparandric Didribulloi Fraa UCL SIdldIa 
Dda^padtofoliavaDitamiblaDidribulla dS%Si9nlllcdia LM! 

O.-rl, • 1,-5 il 1 I.Ci l-'Ll 

il.il, Ni it 1 IjEi l-'Ll 

Nonpdomdrie • Aibution Fraa UCL* 
•I'. liiTi.ia .iiii'i. 
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Note Fcr hl^lynagdMy^daaraddda anllddiallmlti(*.9. Chaa Jdinn. Logiotmd. didGarnn^m^ndba 
rdiaUa Chm'i did Johnion'* mdfioid FCOiidB aljudmdil* tar podNvb' damd da* tad. 
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Appendix B-4 
Prol'CL Oiilpiil - Flenniken Branch Tola! Soil 

Sinokey Monnlain Sineilers 
Knoxville. Tennessee 

Ganarel UCL Sttf istics for Data SatSMth Nen-Datads 
UsarSaladad Options 

Fr..n, Fil-

Fijll Fi- i:i"n 

Ganarai Statistios 

Raw StaDsl'ios Log-iransTormtd Slalistics 
tif iin ii jn 1 Jji.ii.i t liriiniijni • •! L' "1 C'H J 1. 

t r iniiini Ixi.ii.ii.i 

tl-rfi ll":.':):' t t-rfi • •! !• "1 C'ri •i :o: 

!• tl-rfi lO":''):: [..i 1) J 0 

I l-i|ijri I 1000 

![• JO:: 

Ralavant UCL Statistios 
Normal Distribution Tast Lognormoi Distribution Tast 

Data appaar Normal at 5% SignKicenoa Laval 

Assurring Normal Distribution 
OO'*. iiijii-fii':-! IJ: 

S5% LiCL^ ^djustad for Slsiwnass) 
•IF'*. -.||IJ:I-.|-:LT IJ:L 'Oli-n-lOO 

OF'*. I !• ..Iili-il-i IJ: L ' .!• Jiri:' <1-1 0" 

Data appaar Lognormai d 5% Significanot Laval 

Assuming Logncrmai Distribution 
OF'4. H-I 

.1 I IJEJ I 

.1 I IJE. I 

.1 I ijE. I 

Gamma Distributicn Tast 
J JJJ 

Tl,-i 

I ILE 

I jr„| jr,| [-

Data Distribution 
Data appaar Normal at 5% Signifioenoa Laval 

-(ijif' • ifiiH- '! til : 'lUM- Nonparamatrio Statistics 
-,|in:,_,|L- :i,|nili.,jn.- OOjOl OF'*. 'XT IJ L 1 xoi 

-,iiii:i-,i •;III 1 i|ijjr- jiij- 00 OF'*. ,lj. l-l-riil- iJ' L liO"" 

OF'*. :iMi.lrl.lE....i:ilr|.lJ' L liF": 

-inl-r :• .fi-C'jiiiini T-:i 11 jii :ii. 0 J"" OF'*.E....i:llr|..ilJ' L iro: 
-n,|-r:..n.['1.11111,1 F'*. .IJH,. jl jlij- li " jO OF'*. Hjii': E... .1 :n ri' 'J' L liFJ" 

1 • .Ini. .ii. .f.. - 1 Iiiiiii'. T-:i : 1 jii:ii. 0 1 00 OF'*.F-r.-niil-E....i:irr|.iJ' L IIF::: 

1 . .Ini. .ii. IIIIIII' • F'4. '! nil. .jl jln- 0 O OF'*. E - E ... .1 :n M' IJ' L IXJO 

Dda appaar QarrniB Distributed d 5% Significanoa Laval 00'*. .:ii_|, :ii_ ,1 |_jn IJ. L rioo 
0'*. .:ii_|, :ii_ ,1 |_jn IJ. L lOFO" 

Assurring Gamma Distribution 
iF'*. in, .1- •OMiinir IJ:L iiJ:- n.ti-n n = JO, IJOi 

OF'- ,||I|-1-,| •: jninij IJ'! L iiJ:- .-.li-ii Ii JO I IFII 

Polantlai UCL to Usa 

Nota: Suggastions regarding tha saiadion of a 85% UCLara prMdad tohaiptha usar to salad tha most appropriate 85% UCL. 
These racemnsanddions are based upon tha results d tha simuidion studies surrmarizad in Singh, Singh, and lad ̂ 002) 

and Singh and Singh (2003). Foradditiond insight, tha usar mcy want tooonsult a statistidan. 

Nota: For highly nagativa-skawad dda, confidanoa iirrits 
(e.g., Chan, Johnson, Lognormai, and Gamma) may nd be 

raiiabia. Chan's and Johnson's methods prwida 
adjustrrwntsfor positvaiy skewed dda sets. 
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Sinokey Monnlain Sineilers 
Knoxville. Tennessee 

Gtnaral Statistios 

Log-transfofmad Statistios 
\ liliiliiijlii J I 

( inmni l":. 

( 1-i)irri J 

Rtiavant UCL Statistios 
Normal Distribution last 

I li j|iir.. ilk T-: 

Lognomtei Distribution Tast 
: • ilk T-: 

Data appaar Mormai at 5% SignKicanoa Laval 

Assurring Nonrtal Distribution 
I ii|,|_rir:-! ij.; L IN I " 

95% UCLs (Adjustad for Skawnass) 
-.||II:I-.|":LT I.KL 10 IJ 

OO'*. I !• •i|iii-i|-i IJ' L ' .1' 'iiii:' 'li' I 0"0 ' 10 10 

Data appaar Lognormai 5% Significanoa Laval 

Assuming Lognermai Distribution 
OO'^.H-ij'X 10 01 

OO'*. 'iii-l. :ii- .1 I IJE' iJ'iL I j 0: 

•i- 5'*. jh-i. :ii- .1 I ijE' iJ'iL IJ 00 

OO'*. 'iii-l. :ii- .1 I iJE' iJ'iL 10 jJ 

Gamma Distributicr Tast 

Th-ij Jji 10 

I ILE "I I l-jii 0 0 

I ILE • 'I I Mi'l M'l C- ijii' 'ii j 0 

IHI : I rl I JO 

- . irii^i - hi : i|i| rl- rlu- ' ijO" I J I 

-.||i| J-.| L- -I "I ii'lliili'.rli' - 0 0 

-i||ii:l-i| •! Ill : i|ilrl- rlu- I 10 

-rii|-r :• .fi-C' •iliinl T-u 11 rii Ji' 0 0' 

-lnl-r :• •ri-['rlliliil O'U. 'Ojili. rl rlu- 0 " 

Dtfa appaar Gamma Distributad at 5% SignKleanoa Laval 

Assurring Gamma Distribution 
:L.IJ:- u.ti-r, = J I), 11) 01 

i JO' 10 00 

Data Distribution 
Data appaar Mormai at 5% Significanoa Laval 

Nonparansatrio Statistics 
OO'U 'XT IJ'X 10 Oi 

OO'U Jr' kkiiii- IJ'! L 10 r 

OO'U ilrli'lrl'l E""l:llr|' LKL 0 OOO 

OO'U E—ijfri'U IJ'OL 10 :o 

OO'u Hrir: E ""I :n rj iJ'! L lO Oi 

. P- -r,iil-E' 

• E'!- E' 

X III III:: 

:L 10 00 

:L I:JO 

X IJ IJ 

: L I" J 0 

Polantlai UCL to Usa 

Nota: Suggastions ragardingtha saiadion of a 95% UCLara prMdad tohaiptha usar to salad tha most apprcpriata 95% UCL. 
Thasa racommanddions ara basad upon tha rasults d tha simulation studias surrmarizad in Singh, Singh, and lad ̂ 002) 

and Singh and Singh (2003). For additional insight, tha usar may want to consult a statistidan. 
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PC8-1260 (Arc>dor1260} 

I lijn,|.-r • •! jh.l [• 

I I [. 

Gtnaral Statistios 

Rtw Statistios 
(iiiiiii iijii I ['"I -• i-i) 

( 1r III IIJII I C'-l-' 1-i| 

Log-transfofmad Statistics 
(iiiiiii IIJII I ['"I -• i-i) 

( 1r III IIJII I C'-l-' 1-i| 

•J ::j: 

•J ::j: 

>^ming: Thar* ara oniy 8 Datadad Vaiuas in this data 
Mota: it dtouid ba notad that avan though bootstrap may ba parfomsad on this data sat 

tha rasuiting caicuiations may nd ba raiiabia anough to draw oondusions 

it is ranrrmandad to hM 10-15 or mora distind obsarvationsfor accurata and maaningfui rasuits. 

UCL Statistios 
Monrai Distribution Tast with Datadad Vaiuas Oniy 

: h rl'ii' • ll^ T- : I : I rii: ii' 

Lognormai Distribution Tast with Datadad Vaiuas Oniy 
: h rl'ii' • ll^ T- : I : I rii: ii' 

Data nd Normei at 5K Signifioanoa Lavai Data appaar Lognormai at 5% Significanoa Lavai 

Assurring Normal Distribution 
[•L - : III' :iiiijii' J 

Assuming Lognermai Distribution 
[•L - : III' :iiiijii' 'ii 

I ij iiiiijiii Ll^-llll I E :iiiiiri-ii ILE ' I i-iii' "I 

i':.'*. I ILE III IJLL 

. MLE iTil- ij I iji. L 

iji^.n. H- iiji i[iL ji IJLL 

LI III EiM I l-iliiii| 

I l-jii III Lull injil-

:[| III LI 11,1 injil-

M- rli III Lilnlili jii : I jii-

: [| III Liinliii ri : I ijii-

•i'ii^i I i.iiX 

;i5n. p_i. -iiiii- E ... J :ii j|, IJL L 

ij^n.Ei;- EiiiiilUjiiiiJLL 

iji^.n. H i.iiX 

Gamma Distribution Tast Mth Datadad Vaiuas Oniy 

Th-ij iiji 

iiij :i jii 

Dda Distribution Tast Mth Datadad Vaiuas Only 
Dda appaar Gamma Distributad at 5K SignKieanoa Lavai 

--[iT-:i :ijii:iii 

EiHi --[i L Mill ji jiij-

I - : T-:I : I jii:iii 

I . : LJIIII jl jhj-

Dda appaar Gamma Distributad at 5K Significanoa Lavai 

Assuming Gamma Distribution 
I'ljiliiliijiELi: jlrhlJii lijIilnlE 'irliiiijil-ilCi 

I l-i|ijli 

:[| 

Nonpararrtatrio Statistics 
I j|il jli'l l-i-l il Ml I l-lhi III 

jlll li liii^O 

[l 0 OO-lO 

:L 0 10:!: 

:L 0 10!: 

L 0 10:!: 

L 1) 1 5 

:L 0 10!: 

L 1) 1 cii;, 

L 0 III 

L ULUO 

L 0 LO'L 

-lilMlilj 

j rii III ir - (i(ii' • III - 'J'! L I 'J.-.'i-ii II = J 01 

O'f.A. - ,|||| ;1-,| . ij.; 1_ ,ij;- r, jij, 

Mota: DL/2 is not a racommandad mathod. 

Pdantiai UCLs to Usa 
Iji^.n. I I I,EL - , IJLL 

Mota: Suggastions ragardingtha saiadion of a 85% UCL ara prMdad tohaiptha usarto salad tha most appropriata 85% UCL. 
Thasa racommanddions ara basad upon tha rasuits d tha simulation studias surrmarizad in Singh, Maidiia, and Laa ̂ 006). 

For additional insight, tha usarmay wanttooonsult a statistidan. 
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ProUCL Ourpui • ShaUow <Jroundwaia' 

Smokf^ Mouniain SmeJio's 

Knax^ilJe. Tc^nnesee 

F, rr. F,l« It 

UCLkMHmtoOuTto nmn 

. F,l« P. ill L I'C'J 

I Ci^i". I C'4« I 

tt4 [lei^f tu N ,.C.9« 1 ^ 

4»«. «[•»»» u 1>>14 C*j «.1 f J 1 - C •»»» \: 

tW.C^i^u [•C^« 1, 1MM-

H«3,4r.C^»U 1. 1 [.,« c 1.'1 

U M C K"i c 1.". 

1 te«• • L 3J«3 C "9« 1 i " "F C' • L }}93 ["a® c 1 • F 

Nvito 60P TM m DOTS 
UC»i 141.^1. M-1 ftOT*MfcO0FT«l 

UWwvQOFTvl 

".1^ [•ei9i9]C^4 

Cto* Ito ItoM J ̂  St Ud 

(KH ftfliliM lar^ N*ito CiMto Vtoat Itopaanai* UCIJ 

' ' ' -t L4i^l4i'3 E" I ' 

I - r •JdE' 

L ^ '^1 M(iC^ «.ei« E .KM 

"i IVM 1 in E»' i',\i i 

QMM QOF TOT «i [toOTd (fe««%ato* (Mr 

-C'T«,, 1- >MOT>(tob«60PTM 

e-.-['•r,:i,'i' i.v ' 'ii'-F cW^«i«3 c^4N I 

' '«'i !«''« Q(3P 

(ignnirhtto^ y 

6mM ftfltoiM «i Ou ̂  

i-4 iHlt" ' F 

UllHLEl 14 1 

UllHLEl 1 1-

« I«3 HLEI 

»!«] HLEI 

<imim W kMHm 

Qmwm ROS 9MWW OTV bpjy fto)-OOT« 

•i«3 3«4 i«l ».« ^•1-- NC« ^'iiKrr.vi |F«3 t «< F.i 4! rT..Ji,cl« ['U 

( IHLEI 

II IMLEI 

,1 IMLEI 

« I«3 HLEI 

»|«] HLEI 

i^wiiysopTMw 
^ ^ 1 ^ ^ 

t'.U'.i I«F^|F c UWOTGOFTM 

DOTMd DM tot Ijvaiito « St %r«WM M 

\jwmm4 HCM toiittiav iUr« hpMd Nm-CMM 

OAlM-TrMtomto 

• ClBtoli* FTM UCL&flilM 

^ tortototoiVt^riy. i St W 

dUCLMUt* 



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

( L }}93 C'lL. 

nmnd «OPTM«teMC^ 
-.1^ T«,, ^,.,1. >>"j M»MkGCFT«t 

I t'.U'.i UWOTGQFTM 

D—D—Wwi^ « CT lyJi—— 

M l^;*i^»UcU 
] E>> I 

1 • •^''- M( |C^ «.ei« E Mill 

•F M( in III L 1 '* •^''- M( E» nil* 

6MM 60F T«M tetiad AmMiM 

^T«;| |«,;|, ii'4 

C'I iiii ^ 11'*^ [•ei9 19] 1*14 < c«4i ij*"'"'4 CniiiC»ii9] 41 ^ 

T«^I i«no Mw^tw ^ir^QOf 

' i<o 4 4-t iijii' [•ei9 19] 1*14 <c«4i ij*"'"'4 CniiiC»ii9] 41 ^ 

Cha 64 
M.« IMLEI II- f- kji4ilti« II«I«3HL£I 

TK«L4UIIHLEI .-4 TI«I4 lC»4; |I9I«]MLEI 

i.'lUi IHLEI ^ 1 il4i Iti4i II« l«3l 

HLE'W.IE,*; II« I9]I 1-' MLE >]IC»« II« »»]! 

' 6MIM' '{04Ui<y 

<yiiiM ROS ftflWM IM0 hpMd 

[•11-

I IMLEI IIJ'I k ii4i Iti« ||« I«3 HLEI 

.MMLEI 1-1 T|«I4 lC»4; |I9I«]MLEI 

i.'lUi IHLEI 

HLE iw.it,*; ||«I«]I 

60F TM tfi tha^d 64 
uc»i -ilk T«,i .41.,I. 11--J »v»Vi||feQOFT«l 

II —ilk I I||I *1 4i'i« I I 'A [•ei9 19] [^ 4 4C C«« L •}<' I"' ^ 41 ^ 

UM'.', U,; 'n:,i'i 'LJWwi6:FT«n' ' 

6^^ DM L^wnd aSS iftfbM Uy 

bpamd ROS Mrfa Uarp hpMd NwClMa 

"III LiL.;tM . .4^ 

Ml l« I413 Ell • 1 H 

4^r.|1 ,;;teJ| 1 . h 1 n L |M 1 L .;! .'H 

[•|1;^J| 1 *1 M 4i.,«iMiL3l .-J 

4^,.1,;;te3l iiCl 

DUIteny 
(uaHM« 

OAlM-TrMlMy 

• ClBhiiat hm \/CL^aMm 
w M-IFJ 6i w*^ uy 

dUCLaUt* 

L 1 • Ml |C^ «.ei« E I 

Warirp: 6av mv» RMMna^yd UCUi) rs«yUd*l 



1 r I [ I E I ' I r I ' I ' I ' I 

I I ['9< I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, 11 »vft¥ilfcQOFT«l 

>>.'. UWwvQOFTvl 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.'' 'iiK U'^I^IVE" V 

[• 1. . .e-- miEi 

-f L ^ x'r M( |C^ «.ei« E Mill 

•F -- M( in III L ' >>i. •^''- M( E» nil* 

QMM QOF TaB VI Daaari Ovvwiv* CHy 

-C'T«,i i«.,i. iij'r >Mwi>teb«60PTM 

— C'lKK 4 4-t II'^« [•ei9 19] 1*1 4 < C«4I ij*"'"'4 CniiiC»il9] 41 ^ 

^ '«'i ii'-a UiM9«w4riirrfQOF 

' I'O ^ " + [•ei9 19] 1*14 < c«4i ij*"'"'4 CniiiC»ii9] 41 ^ 

Lay 

6M«M ftflWa ai Ou ̂  

UiiHLEi II. f. 

Ui IHLEI 1 

I lt>« ii« i«] HLEI 

I IC»4; ii« i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd flv)-OaM 

•i«3 3«4 i«l t.« ^<1-- NC« ^'i|KrT.4,» |,«3 t i«i «> 41 rT..Ji,cl« C'U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt>« ii« l«] HLEI 

I IC»4; ||« I«] HLEI 

l^wH^QOFTMaC 

UWatGQFTal 

LiVtainy HOS k«it<av iUrv NVI-CMM 

UCLrwp LsBwnid •abuiv) viri IW ErfmM ida) DMiadyM v» LMamdr aahad 

II C'll;^!! II. 4I H 4i.,«iMiL3l 

tW.ll 

(Ultoii^ 
OJZMIM 

(UljfTr«vlvin«ri , , 

DLfi ii nv A ravnmrAri f« • 

PIvvMnab Ckvhiiv) RM UCLIaWa 

DM Nvnd Cbvh^ V n W*««* M 

dUCLaUa 

Warirg: (^m v m VA RVBMR UC Lji) M 

; I« ^13" «p 0'« ; «l« or' i4-F''''iiiL4i«ci *te]i l'4cil«'>'4i ' «l« 

MtjC^ «.ei« E > 

II -



I ' I ' r 

I I C'4« I 

( L [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, 11 c- »vft¥ilfcQOFT«l 

^ -- K* ii —ilk I ii|i «! 4l.ie 11 • F [•»!« laij 4 N i fM ".^i j ̂ »j.iii 41 

11 - UWwvQOFTvl 
^ "i LI" '4 I; ' I' 0 ^ ^' e 11 14 C •»! 9 19] C ^ 4 N I fM rr.^ "i » j .ii 1 41 

Ci«^ Ok. Ik4 Nm 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' V-f ^ 141^141 VE" I ^ 

I Ui\ .e-- miEi 

S>'-' M(iC^ «.oi« E . KM 

•F -- M( L-l ill L .J •>. M( E» nii4 

QMM QOF TaB a Daaari Ovwain CHy 
-C'T«,I |«.,|. -V >Mwi>teb«60PTM 

^ '«'i !«''« UiM9«w4riirrfQOF 

" " ^tiri^iiiV»i< y 

6M«M ftflWa ai Ou ̂  
ilti ' ' 11 k%'i 41 HLE'I ' 

It.«L4 Ui IMLEI f(i F4 Ttei4 It»4i »!« I«3 HLEI ' 

r.'lUllHLEl . 1. r»,il4ilt'4i ii«l«3l 

HLElW.lt.«; II9I9]! 1' 1" MLE >]IC»« !>«»»]! 

<imim W kMHm 

<^iM ROS ftflWa lang hpari 

I IMLEI II 1 f. k JI4I lt'« ||« I«3 HLEI 

illMLEl "1-<I. It®l4iHlt»4i •I«I«3HLEI 

r.'lUl IHLEI 

HLE »«!«]! 

»V»Vi||feQOFTal 
—li k I 11| I 4I 4I' I« 11 ' F C •»! 9 19] C ^ 4 4C C« « L tpi« I rr. ^ ^ "i 

'I,:.I'. ' "M f/i uyy.'titf T^t'' 
'4 I; I I'0 4 4-t 11 14 C•»!9 19] C^ 4 4C C«« L tpi« Irr. ^ ^ "i 

tte ipw l^wiid «5« Sr*we lad 

Lipamd HOS Mrfw Udrp hpari NwClM 

.El -E . cii< III L li 

UCU wg Ur*md •ahiiiaiay W ErfiM* idai [kaaiddua* Li^andy aahad 

[•|1 ;;teJi 

w.il .;;te3i 

• dahlia Fra UCLftaWa 
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I I C'4« I 

• L 3J«3 ["aeiil""* ['(L. 

nmnd «OPTM«teMC^ 
^,.,1. >> 1. M»MkGCFT«t 

I t'.U'.i " 1 UWOTGQFTM 

D—D—^p— Wwi^ « CT lyJi—— Imd 

M l^;*i^»UcU 
ite«' J ~A 3 E>> I 

[• e -1 .C". miEi 

-f L • -J. •^''- M( |C^ «.ei« E Mill 

•F -- M( in III L • '. •^''- M( E» nil* 

6MM 60F T«M tetiad AmMiM 

^T«;| |«,;|, 

T«^I i«no 11 N Mw^twfcittrfeop 
' i<o ^ " '' [•ei9 193 1*14 < c«4i ij*"'"'4 CniiiC»ii93 41 ^ 

(eMM^adiea Cha 64 
t 1.4 IHLEI 11 k ;I4I lt.« II« 193 HLEI 

It.eL4UiiHL£i -"ill It9i4JHit»4i •i9ie3HLEi 

<.'>UIIHLEI 1 <«m4i III*; ||« 193! 

HLE'W.IE,*; II« 193! -f HLE >3iC»« ||« »»3i 

' 6MIM' '{04Ui<y 

<yiiiM ROS ftflWM IM0 hpMd 

[• 4-1. 

I IMLEI 1 11 1 k ;I4I lt.« II« 193 HLEI 

.IIMLEI 'Jt TI«I4 lC»4; |I9I«3HLEI 

i.'lUi IHLEI 

HLE IW.lt,*; II9I93I 

60F TM tfi thaMd 64 

Uc»i -ilk T«,| .41.,I. II' »v»Vi||feQOFT«l 

'bM.9l'»Vl9^l 'n^^l'i '"M 'fj 'IMU^'QCFT^' ' 

^ S LJII .9 I, I 110 ^ ^' 9 II + C 919 193 C ^ 4 4C C9« L tpi« I rr. 9 41 ^ S 

6^^ DM apM l^rnrndmSt IviiiM Lad 

bpamd ROS MrfM Uarp hpMd NwCMM 

HI 19 14I3 Ell • 1 H 

94r.ll .;;9J| iiC .e-- h III LIMI L .;i 

[.|1;^J| 14 9 ,1 M 4l.,9lMiL3l .-^1 

94r.|1.;;9 3l x'S 

DUIhny 
(uaHM« 

djaiM-TrMiMy 

• dahlia Ftm \/CL^aMm 
f^^rdi PMVH^Il i 

dUCLaUt* 

. M(|C9 9.oi« E M,iia 
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I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -Fik T«,, >>'-1 »vft¥ilfcQOFT«l 
' -- K* ii —ilk I ii|i «! 4l.ie 11 i, [•»!« laij 4 N i fM ".^i j ̂ »j.iii 41 

biiF«ii^T«,, 11 1 UWwvQOFTvl 

^ "i LJII <4 I; ' I < 0 ^ ^' e " . C •»! 9 19] C ^ 4 N I fM rr.^ "i » j .ii 1 41 

Ci«^ Ok. Ik4 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.' ' ' ^ L4F^14IVE" I ^ 

I 14- .C". miEi 

-- L M(|C^ «.ei« E .KM 

* Mdrl ill L 1-1 M( E» nii4 

QMM QOF TaB VI Daaari Ovvwiv* Mr 

-C'T«,, ,«.,,. >>.4 >Mwi>teb«60PTM 

^ '«'i !«''« UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou d# 
ilti ' ' i 11 i. k%'i 41 HLE'I ' 

TK«L4UIIHLEI . Tl«i« ic»«; II9I«]MLEI 

i.'iUi IHLEI • ii4i ltF4i ||« I«3I 

HLE)W.lt.«; II9I9]! 1' ~4 MLE >]IC»« !>«»»]! 

<imim W kMHm 

QaiM ROS 9MWW arv bipja flv)-OaM 

•i«3 3«4 i«l ».« ^•1-- NC« ^'iiKrr.vi |F«3 t «< F.i 4! rT..Ji,cl« ['U 

( IMLEI II : k ii4i IIF* II« I«3 HLEI 

iilHLEi i Tl«i« ic»«; II9I«]MLEI 

,1 IMLEI .'1 il4i ltF4i II« l«3l 

i^awa COP m Da^ ̂ viavi 

uc»i ^,.,,1 M»MkfiCPT«t 

Ii —ilk I I||I 4I 4l'i« I I [•»!« 19] 4 4C C«« L •}<' I"> ^ 41 ^ 

biiF«ii^T«,, IH'J UWOTGOFTal 

LiVtaind HM Maa iUrv NVI-CMM 

UCLrwp LsBwnid •abuiv) viri IW ErfmM idw Dwid AM v» Oahad 

• ntW.l1 .;;teJl 1 .C". h II 

^['11^ y^V ^ J rVi\,l\\ h ^ 

• '< i«<l4i]Eiii I n«>4<< il tp^Ji II 

(UljfTrwIvinvri 

DLfi ii nv A ravnmirAri mtfwA BMM f« iaipvvm ad HavMd nan 

PIvvMiiab Ckvhdv) RM UCLfaWa 

bM a*M L^wnd Cbah^aSK lad 
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I I ['9< I 

( L [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, 11 4 »vft¥ilfcQOFT«l 

bii'«ii^T«,, >>.>>1 UWwvQOFTvl 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.' ' Ur^l^iVE" I ^ 

I n.c .e-.^niEi 

-f 111 -fM( |C^ «.ei« E Mill 

* M( in III L 111 M( E» nil* 

QMM QOF TaB a Daaari Ovwain CHy 

-C'T«,i i«.,i. II >Mwi>teb«60PTM 
— C'' I'll ^ *i'e " ~ ~ [•ei9 19] 1*14 < c«4i ij*"'"' * Ci;iiiC»ii9] *1 ' 

' '«'i ii'-a "1". UiM9«w4riirrfQOF 

' I'O ^ ".'~ [•ei9 19] 1*1 * <c«*i ij*"'"'* CniiiC»ii9] *1 ^ 

n Lay 

6M«M ftflWa ai Ou ̂  

1^-4 iMLt' ^ ^ ^e>j 

Ui IHLEI II ff 

UilHLEi f.-

I lt>« ii« i«] HLEI 

I lC»*; ii« i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd fl«)-OaM 

•i«3 3«* i«l t.« ^<1-- NC« ^'i|KrT.*,» |,«3 t i«i «> *1 rT..Ji,cl« C'U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt>« ii« l«] HLEI 

I IC»*; ||« I«] HLEI 

l^wH^QOFTMaC 

S«VV»Vi1feQ0FTM 

C tei 9 19] C ^ * *c c« « L ipi« I^ *1 ^ < pi I • 

UWatGQFTal 

C tei 9 19] C ^ * *c c« « L ipi« I^ *1 ^ < pi I • 

Ljatamy HM k«it<OT iUr« Nm-CMv 

UCLrwp Lsawnid •abuivtad IW ErfmM idw DmaddMa* laBamdr •ahad 
•J1tW.l1 ,;;teJ| Ji iL -f". M III LIMI L .pi HH 

• J. i,.l*i3Li, 1 

Ji C'li ppteJi 

tW.l1 .p;te3i 

II f *1 M *!.,« !• tVL Jl 

(Ultond 
.M|,J,.*I *!« 

OJZMiv 
(UljfTravlain«ri 

III e-

DLfi ii na A raaimirAri f« iaipnm ad Haaiiy nan 

PlBVaanab Cbshdv) RM UCLIaWa 

Dn Hand Cbah^a n W*««* lad 

. MtjC^ «.ei« E > 



^ I E I . I [ I E I F I G I M I I I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, ii-c »vft¥ilfcQOFT«l 

K* ii —ilk I ii|i «! 4l.ie 11 [•»!« laij 4 N I fM ".^i j ^, y.i 

bii'«ii^T«,, 11 ' UWwvQOFTvl 

tktt #nf Mn^ MM J jl 

|i^ai-MM (KH ftfliiiii larg N*mM CifeM VMat Mapaanai* UCIJ 
ttei.' ' ' "444 L4r^l4iVE" I ^ 

I ••'. .C". miEi 
-- 1" M(|C^ «.ei« E .KM 

•F -- Mdri ill L 1" M( E» nil* 

QMM QOF TaB a DaaaM Ovwain CHy 

-C'T«,, >Mwi>teb«60PTM 

^ '«'i i^'-a •) UiM9«w4nirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  

' i J k%'i *1 ' ^|«^«3 HLEV 

TK«L4UIIHLEI 1 ' Tl«i« ic»«; II9I«]MLEI 

<.>>UIIHLEI 1. <«m4i 111*; ii« 1931 

HLElW.lt.«; ii« 1931 . ' HLE >3lC»« i>« »»3l 

teliM W kdtim 

QaiM ROS 9MWW arv bpja fl«)-OaM 

• ^93 344 iei t.« N[• ^-uKrr.i'e3 t ^ei 4< 4i "..Jncl® ['U 

( IMLEI II k il4i lt'« "9 193 HLEI 

iilMLEi 1~4 Tlei« ic»«; II9I«3HLEI 

,1 IMLEI 1 "1 il4i lt'4i "9 1931 

i^awa COP m Da^ 
Uc»i ->ikT«,, ^,.,,1 M- 1 M^MkfiCPTat 

biii9ii^T«,, M c UWatGOFTal 

DMad DM apaa ̂ fpama* Lga»"M ipiiana Lari 

LiatainM MM kaaa iUrp NVI-CMM 

UCLff wp Lapamd •abuiatairi IW ErfmM idw DMPid ̂ Maa Oahad 

kJ(M94r.l1 .;;teJl 1'-1 -f". ki II, LikM L .;i '-'r 

k" ' 

11 C'llp^Jl II^H 4I H 4l'>9lktiL3l 1-11 

H94r.ll .;;te3i iiiML 

(Ulton^ 

OJZMIM 

(UlJtTravlainari 

DLfi ii na a raamr^ri f« iaipaBm ad HMM nan 

Plapaaiiab Ckahda) RM UCLfaWa 

vpaa >bPMM Hand aak^a SV ^pin— U 

dUCLaUa 

-- L 111 k M |C^ 9.0I9 E .nil* 

Warirp: (^m a maa IbaMnaiA^ UC Lji) M aial^^l 



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

• L 3J«3 ["a® I i 11 - J-

nmnd «OPTM«teMC^ 
M»MkGCFT«t 

UWOTGQFTM 

D—D—Wwi^ « CT lyJi—— 

M I^A^aUcU 
ite«' 1 "11 3 E>> I 

[• II .1 .e-- miEi 

L 1 J^1 •^''- Ml |C^ «.el« E . un 

* Ml in III L 1 JJ1 •^''- Ml E» nil* 

6MM 60F T«M C 

/WM^thfkg T ̂  

[•eia 193 I*i4<ce4i 'j*"'"'4 [•;ii<C»ii93 4i ^ ' 

Mw^tw ^ir^QOf 

[•ei9 193 14I4<C94I ij*"'"'4 [•;ii<C»il93 41 ^ ' 

( IHLEI 

II IMLEI 

,1 IMLEI 

« 193 HLEI 

» |«3 HLEI 

' 6MIM' '{04Ui<y 

<yiiiM ROS ftflWM iM0 hpMri 

I IHLEI 

II IMLEI 

,1 iMLEr 

« 193 HLEI 

» i«3 HLEI 

<a IM no ^ ^'9 "" [•ei9 193 4 4C C« 

DM l^wiid «5« lr*we Uy 

Lip Mind HOS Mrfw Udrp hpMd NwCMM 

Ml 19 14I3 Ell • 1 H 

94"l1 .;;teJl •". 1 .e-- h III LiMi L .;i 

['Ij^ji II..- ,1 M 4i'>eiMiL3l 

94"l1.;;te3i ".1-3 

DUItony 
(uaHMi 

OAlM-TrMlMy 

DL£iaM« 

• ClBhii* hm \/CL^aMm 
e^^tyi w NtffoJ ffcih^imyitiiy i<y 

^^^UCLMUt* 

W«rirp: 6«v mvi RiiMiiviyd UCUi) rsina Wil 

; I« ^13" «p 0'« ; «i« or' i4'^'''''"L4i«ci *te3i i'4ci'9'>'ai ; «i« I 

MljC^ 9'0l« E I 

II -



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

( L }}93 C'(L. 

nmnd «OPTM«teMC^ 
~F|^ T«,, ^,.,1. xc. M»MkGCFT«t 

-ilk I iiii «! 4i'i« 11 'I F [•»!« 19] 4 N I fM".«! « ^ "i , y.i 

I t'.U'.i I«F^|F "J11 UWOTGQFTM 

I; ' I<0 4i ^'e 11 1 4 C•»!9 19] C^ 4 N I fM rr.^ "i , y., 

DsMd DM MB Hvnd « St tpriivn* L*ri 

M 
lte«. '" 1 L4<.l4> 3 E>> I 

[• Jr' .e-- miEi 

-- L M(iC^ «.ei« E .KM 

* Mdri ill L i^r • H E» nil4 

6MM 60F T«M DMMd AWMIM 

-^T«;| |«,;|, 1.1. 

» U'.i i«io ".I Mw^twtwiirfeop 

DMMri DM MB tern CMMd « St IpriRMw M 

(MM^ISBiaa Chu 64 

k >.a IHLEI " •) k ;i4> it<« M« i«] HLEI 

Il.«L4 Ul IHLEI It®l4iHlt»4i (I^I^JMLEI 

<.>>UIIHLEI 1 ' <«m4> lt<4; M« I«]l 

HLE)W.lt.«; II« 1931 1-i.' MLE .3IC»« i>« »»3i 

' 6MM '{04Ui<y 

<yillM ROS 6fliBiM IBffV hpMri NM-bMM 

I IMLEI II 14. k JI4I lti« ||« l«3 HLEI 

IMMLEI ' 1- Tl«i« ic»«; II9I«3HLEI 

i.'lUi IHLEI 

HLE iw.it.«; M« |«]| 

60F TM tfl thMMd 64 

Uc»i -ilk T«,, t4,.,,. M.I. »^»Vi||feQOFTM 

ii —ilk I iiii 4I 4i'i« 11 .1F [•ei9 193 4 4C ce« L i"' ^ 41 ^ 

UM'.VU^I 'H^^I'I "'MI- 'LJWM'o:F'T«n' ' 

6^^ DM «*M L^w"^ « St iftfBM Uy 

Lip Mind ROS MrfM Uarp hpMd NBVCMM 

, El -E . cii« III L 

• J1 19 I413 Ell • 1 H 

94M1 .;;teJl 111' .C". h 11, LIMI L .;i -•> 

[•|1;^J| . 4I H 4iMeiMiL3l i'J 

94r.ll ,;;te3i M4 t 

DUItony 
(uaHMi 

OAlM-TrMlBmy 



I i I I [ I E ^ I I I ' I 

I I ['9< I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, ii.ii »vft¥ilfcQOFT«l 

bii'«ii^T«,, 11 ih UWwvQOFTvl 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
3 E>> I 

m lE' 

. M( |C^ «.ei« E M;II 

-f• M E» nil* 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,, 11 i >Mwi>teb«60PTM 

[•ei9 19] 14I4<C«4' 'IM"'"'4 [•;ii'C»il9] 41 ^ ' 

UiM9«w4riirrf QOF 
[•ei9 19] 14I4<C«4I 'IM"'"'4 [•;ii'C»il9] 41 ^ ' 

Lay 

6M«M ftflWa ai Ou d# 
( IHLEI 

II IMLEI 

,1 IMLEI 

<imim W kMHm 

I lt<« >>« !«] HLEI 

I IC»4; l>9 !«] HLEI 

QaiM ROS 9MWW arv bpMd flv)-OaM 
•i«3 3«4 i«l t.« ^•1-- NC« ^"iKrr.vi l'«3 t i«i «< 4! rT..Ji,cl« ['U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt<« M« 19] MLEI 

I IC»4; l>9 l«] HLEI 

l^wH^QOFTMaC 

UWOTGQFTal 

LiVtainy HOS k«it<av iUrv NVI-CMM 

UCLfwpLjpamd •abuiv) viri IW ErfmM i4a) DwidyM v» LiBaiiidr aahad 
•ntW.l1 ,;;teJ| JI .C". MM 

[•|1 ;;teJi 

w.il .;;te3i 

(UlJtTrwIvinvri 

DLfi ii nv A ravnmrAri f« iaipvvm ad HavMy nan 

Ptvpavnab Ckvhiiv) RM UCLIaWa 
Dn Nvnd Cbah^ V n W*««* lad 

. M(iC^ «.ei« E < 



I c I E I F I G I M I I I I I 

I I C'4« I 

( L [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« 11 ~ I [•»!« 19] 4 N I fM ^ "i , y.i 

biii«ii^T«,i |«I,|I M . UWwvQOFTvl 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.'' 'r.4^ 141^141 VE" I ^ 
[•4.11. .e-- miEi 

1^1 .fM(|C^ «.ei« E .KM 

•F M(|.-| ill L 11^ M( E» nii4 

QMM QOF TaB a Daaari Ovwain CHy 

-C'T«,i i«i,ii M-.r >Mwi-teb«60PTM 

^ '«'i !«''« " ^ UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  

ilti ' ^ I " f. k%'i 41 HLE'I ' 

TK«L4UIIHLEI . 1 Tl«i« ic»«; II9I«]MLEI 

r.'lUllHLEl •'•t r»,il4ilt'4i ii«l«3l 

HLElW.lti«; II« I9]l ~4 MLE >]IC»« !>«»»]! 

teliM W kMHm 

QaiM ROS 9MWW arv bpaad fl«)-OaM 

•i«3 3«4 i«l t.« ^•1-- NC« ^'iiKrr.vi l'«3 t «< 4! rT..Jiicl« ['U 

( IMLEI II 1 F k JI4I lt'« II« I«3 HLEI 

•IIHLEI "• . It®l4iHlt»4i •I«I«3HLEI 

II IMLEI 11^' il4i lt'4i II« l«3l 

i^awa COP m Da^ 

uc»i -ilk T«,i t4ii,ii >>-.- S«vv»Vi1feQ0FTM 

Ii —ilk I iiji 4I 4l'i« I I ~ I [•ei9 19] [^ 4 4C C«« L •}<' I"> ^ 41 ^ 

biii«ii^T«,i UWatGOFTal 

Liataind HM kaaa iUr« Nm-CMv 

UCLrwp LsBwnid •abuiv)«a IW ErfmM idw DMiad AM** Oahad 

•ntW.l1 ,;;teJ| ,14 .C". MM 

3 El I I I n«>4<' ii •;^3i 

(UljfTr«vlan«ri 

DLfi ii na A raaimirAri f« iaipnm ad Haaiid nan 

Plavaaiiab Cbshdv) RM UCLIaWa 

>bPMn Hand Oak^a SV ^pin— U 

UCLaUa 

.fMl |C^ «.ei« E • \c\>a 



I E I . I [ I E I F I G I M I I I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, >1'^ »vft¥ilfcQOFT«l 

' -- K*ii —ilk I ii|i «! 4l.ie II -111 [•»!« laij 4 N I fM".^i j ̂ »j.iii 41 

biii«ii^T«,, IIJ J UWwvQOFTvl 
^ "i LI" <4 I; ' I < 0 ^ ^' e " .' I C •»! 9 19] C ^ 4 N I fM rr.^ "i » j .li 1 41 

Ci«^ Ok. Ik4 Nm 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' 141^141 VE" I ^ 

[• f-L. .C". miEi 

"* • M(iC^ «.ei« E . un 

•F -- M( L-l ill L ^ M( E» nii4 

QMM QOF TaB a Daaari Ovwain Mr 
-C'T«,i i«.,i. in- >Mwi>teb«60PTM 

^ '«'i ii'-a UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
' 11 k%'i 41 ' ^|«^«3 HLEV 

TK«L4UIIHLEI 1-1' Tl«i« ic»«; II9I«]MLEI 

r.'iUl IHLEI il4i lt'4i II« l«3l 

HLElW.lt.«; II« I9]l it. MLE >]IC»« II« »»]! 

teliM W kdtim 

QaiM ROS 9MWW arv bpja fl«)-OaM 
•i«3 3«4 i«l t.« ^•1-- NC« ^'iiKrr.vi l'«3 t i«i «> 4! rT..Ji,cl« ['U 

( IMLEI " 1 d k ;i4i lt>« ii« !«] HLEI 

»IIMLEI 1-F. It®l4iHlt»4i •I«I«3HLEI 

,1 IMLEI 11^1 il4i lt'4i II« l«3l 

i^awa COP m Da^ 
Uc»i -'ikT«,, ^,.,,1 II 4) M^MkfiCPTat 

biii«ii^T«,i i«.,i. Ill- UWatGOFTal 

Dmmi Dm apaa ̂ fpama* Lga»"^ ipiiana Imtd 

Liptaind HM iUrp Nm-CMM 

UCLff W0 Lapamd •abuiatairi IW ErfmM idw Dnaid ̂ Maa Oahad 
• ntW.l1 ,;;teJ| ..14 -e-. h ill LIMI L .;i ^-31 

•n ,,.3413^1, 1 

n C'llp^Jl ..•»> 4I H 4l'>«lMkL3l 

tW.l1.;;te3i xi-

(Ulton^ 
OJZMiv 

(UlJt-Travlainari 
e 

DLfi ii na a raaimirAri f« iaipaBm ad HMM nan 

Plapaaiiab Ckahda) RM UCLfaWa 
ITiaaf rai ppia 'wiiii a liiri^rfnahaf BT" Ipdaaelad 



I E I . I [ I E I F I G I M I I I I r 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, iiju »vft¥ilfcQOFT«l 

' -- K* ii —ilk I ii|i «! 4l.ie 11 • 14 [•»!« laij 4 N I fM ".^i j ̂ »j.iii 41 

bii'«ii^T«,, 11 UWwvQOFTvl 
^ "i LI" '4 I; ' I' 0 ^ ^' e 11 1 F C •»! 9 19] C ^ 4 N I fM rr.^ "i » j .li 1 41 

Ci«^ Ok. Ik4 iMti 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' ' ^4 ^ 141^141 VE" I ^ 

[• .". .C". miEi 

-- 1'^ MijC^ «.ei« E .KM 

* Ml L-l ill L 1'J . -fMl E» nil 4 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,i i«.,i. 1 >Mwi>teb«60PTM 

^ '«'i ii'-a "-+ UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
' 11 k%'i 41 ' ^|«^«3 HLEV 

TK«L4UIIHLEI in. Tl«i« ic»«; II9I«]MLEI 

r.'iUllHLEl . -1 r»MI4i lt'4i ii«l«3l 

HLEiW.lt.«; II9I93I 1'<|~ MLE .]IC»« ||« »e]i 

teliM W kdtim 

QaiM ROS 9MWW arv bipja flv)-OaM 
•i«3 3«4 i«l t.« NC« ^'iiKrr.vi l'«3 t i«i «> 41 rT..Ji,cl« ['U 

( IMLEI II 1-" k JI4I lt'« ||« I«3 HLEI 

»IIML£I 'W It®l4iHlt»4i (I^I^JMLEI 

,1 IMLEI il4i lt'4i ||« l«3l 

l^awa COP m Da^ ̂ viavi 
uc»i -ilk T«,i t4i.,i. II.c S«vv»Vi1feQ0FTM 

II —ilk I I||I 4I 4l'i« I I ' 14 [•ei9 19] 4 4C C«« L •}<' I"' ^ 41 ^ 

biii«M^T«,i |«.,|. iii-« UWatGOFTal 
^ "i LI" <4 I M 110 4 4-t 11 1 F C •»! 9 19] C ^ 4 4C C«« L 01« I rr. ̂  ^ "i 

L^am^ ROt ̂ aitiaUirg Intiiy NvcCta^ 

UCLrwp LsBwnid •abuiv) vd IW ErfmM idw DmaddM v» Liaaiiidr aahad 
• ntw.l1 ,;;teJl 1' .C". h III LIMI L .;l 11- • 

•n ,,.3413^1, , 
n C'llp^Jl 1J||' 4I H 4l'>«lMkL3l . 
tW.l1.;;te3i 11.^ 

(Ultond 
OJZMiv 

(UljfTmlvin«ri 

DLfi ii nv A ravnmrAri f« iaipvvm ad HavM nan 

PIvvMiiab Ckvhiiv) RM UCLIaWa 
Dn L^wnd Cbah^aSK lad 



- I E I . I [ I E I F I G I M I I I I I . I 
TS5B 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, »vft¥ilfcQOFT«l 

^ K 4 ii —il k I I ii 1 4I 4I. le II C "ei« I «!3 C ^ 4 N I fM 4! « ^• y .ii • 41 

biii«ii^T«,, 11.1 UWwvQOFTvl 

^ S LI" <4 I; ' I < 0 ^ ^' e " . C •»! 9 19] C ^ 4 N I fM rr. «l « ^ j .li 1 «i 

Ci«^ Ok. 04 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.' ^'^11- 141^141 VE" I ^ 

[•4 1 .C". miEi 

11" • Ml |C^ «.ei« E . un 

•F Ml L-l III L I1" 1 Ml E» nii4 

QMM QOF TaB a Daaari Ovwain CHy 
-C'T«,i i«.,i. II c >Mwi>teb«60PTM 

^ '«'i ii'-a "- UiM9«w4riirrfQOF 
iiio^ ".^1 [•ei9 19] I414 < c«4i 'j4">"> 4 [•;ii<C»ii9] 41 ^ 

6M«M ftflWa ai Ou ̂  
' i J k%'l 41 ' ^|«^«3 HLEV 

TK«L4UI|HLE| 11'4 T|«I4 lC»4; |I9I«]MLE| 

r.'lUllHLEl >>'i r»,il4ilt'4i ii«l«3l 

HLElW.lt.4; II9I9]! 14 '1 MLE >]IC»« li« »»]! 

teliM W kdtim 

QaiM ROS 9MWW arv bpMd fl«)-OaM 
•i«3 3«4 i«l t.« ^•1-- NC« ^"iKrr.vi i,«3 t i«i «> 41 rT..Ji,cl« ['U 

( IMLEI 11 '1 k ;i4i lt>« ii« l«] HLEI 

illMLEi -'U T|«I4 |C»4; |I9I«]MLEI 

,1 IMLEI "11 il4i lt'4i II« l«3l 

I^WH^ «0F TM a Da^ ^ 
Uc»i -'ikT«,, ^,.,1. II 'F M^MkfiCFTat 

1.« II —li k I 11| I 4I 4I' I« " C lei 9 19] C ^ 4 4C C«« L tpi« I rr. ^ 41 ^ "i I pi I • 

biii«M^T«,i |«.,|. II. N UWatGQFTal 

^ "i LI" <4 I M 110 4i ^' e " . C lei 9 19] C ^ 4 4C C« « L tpi« I rr. ̂  41 ^ "i I pi I • 

Liataind HM Mt<av iUr« Na-CMv 

UCLff W0 Uaaind •abuiaairi IW ErfmM idw Dmad ̂ Ma* Imrnn^ •ahad 
Mitw.l1 ,p;teJl 1-.1 .f". h III LIMI L .;i 

M. I,.34I3LM I 
H C'llp^Ji II 4I H 4l'i«lMiL3l . 
tw.l1 .;;te3i II 1 • 

(Ulton^ 
OJZMiv 

(UljfTravlain«ri 

DLfi ii na A raaimirAri f« iaipnm ad HMM nan 

Plavaaiiab Cbshda RM UCLIaWa 
Dm mm >bPMn 6em ttefaitiaS* M 



I E I . I [ I E I F I G I M I I I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, >>-4 »vft¥ilfcQOFT«l 

K* ii —ilk I ii|i «! 4l.ie 11 [•»!« laij 4 N I fM ".^i j ^, y.i 

bii'«ii^T«,, >1.1 UWwvQOFTvl 

tktt #nf Mn^ MM J jl 

|i^ai-MM (KH ftfliiiii larg N*mM CifeM VMat Mapaanai* UCIJ 

ttei.' ' ' i J f. L4r^l4iVE" I ^ 

I 1.-4 .C". miEi 

1 -.•• MijC^ «.ei« E .KM 

•F -- Mlj.-I ill L 1-1. Ml E» nil* 

QMM QOF TaB VI DaaaM Ovvwiv* Mr 

-C'T«,, >Mwi-teb«60PTM 

^ '«'i !«''« ' UiM9«w4nirrfQOF 

^ "i » I no ^ ".^' [•»!« 19] 1*1 4 < C«4I 'j*"'"'4 CniiiC»il9] 41 ^ "i 

' 
6M«M ftflWa ai Ou ̂  

iMLt' ' '11 \ k%'i4i V'« ' ^lVl«3 HLE'I ' 

TK«L4UIIHLEI 4 1*1 Ti«i« ic»«; II9I«]MLEI 

r.'iUllHLEl r»m4i lt'4i "«l«3l 

HLElW.lt.«; II9I93I 41. MLE >]IC»« l>« »»]l 

teliM W kdtim 

QaiM ROS 9MWW arv bpMd flv)-OaM 

• i«3 3«4 i«i t.« 'i'"- NC« ^'.|KfT.v» I'«3 t i«i «< 41 rT..ji,cl« C'U 

0 IMLEI k ii4i lt'« "« I«3 HLEI 

iilHLEi .- Tl«i« ic»«; II9I«]MLEI 

.1 IMLEI 1 ' '«> ;i4> lt<4; M« l«]l 

L^WH^ «0F TM a Da^ CbMiM ̂  

Uc»> ->ikT«,, M^MkfiCFTat 

biii«M^T«,, M.^ UWatGQFTal 

DMad DM apav ^Vpvma* LgB*"<M vSft Spiivvm Imtd 

MOM ^iiitiaUirB Inpiiy NvcCtaM 

UCLff W0 LMamd •akda viM IW ErfmM ida) Dmad AM v» Oakad 

M1tW.l1 ,;;teJ| .i-e- h 11, L |M 1 L .;i 1 ' ̂ 

M. ,,.3413^1, , 

H C'llp^Jl 11"*- 4I H 4l'>«lMiL3l .-r 

tW.1 .;;te3i II 4 

(Ulkn^ 

CUMIM 

(UljfTmlvin«M 

DLfi ii nv A ravnmirAri mtfwM. f« iaipvvm ad HavM nan 

PIvvMiiab Ckvhiia RM UCLIaWa 

MM Hand Oak^ V SV ^piiM— U 

UCLaUa 

.fMl |C^ «.0l« E . nii« 



I i I I [ I E ^ I I I ' I 

I I ['9< I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, 11 -F »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« M [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i i«i,ii M.4. UWwvQOFTvl 
^ "i LI"<4 I; ' I<0 ^ ^'e 11 1 ~J C•»!9 19] C^ 4 N I fM rr.^ "i , y., 

Ci«^ Ok. 04 Nin4'4M 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
L4'.l4> 3 E>> I 

miEi 

. M< jC^ «.ei« E M;II 

-f• M E» nil 4 

QMM QOF TaB a Daaari Ovwain Mr 
-C'T«,i i«i,ii 1 ' >Mwi>teb«60PTM 

UiM9«w4riirrf QOF 

f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
'^•a iMLt' ' ^liS 
Ui IHLEI .41; 
UllHLEl .4" 

> lt<« >>« i«] HLEI 
I iC»4; i«] HLEI . 

<imim W kMHm 

QaiM ROS 9MWW arv bpaad fl«)-OaM 
•i«3 3«4 i«l t.« 'l'"- NC« ^'iiKrr.vi l'«3 t «< 41 rT..Jiicl« ['U 

( IHLEI 
II IMLEI 
il IMLEI 

> lt<« >>« l«] HLEI 
I IC»4; I«] HLEI 1 

l^WHaeOFTMaC 
U^mmGCftrnt 

C'49i«]C^i4N I L •;<« irT.41 41 ^ 

UWatGQFTal 

DMad DM HK IjBamri « M 

Liataind HM kaaav iUr« Nm-CMM 

• dahlia Fra UCLftaWa 
Pa*hraMhM4 tfaariH* tMhuin a mv#aw lavri 



^ - I = I • I ' I E I F I , I H I , I , I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -Fik T«,, >>' d »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« M ' 1 [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i i«i,ii >>.- UWwvQOFTvl 

^ LI" '•* I i ' 110 i i • e 11 1 ~ C "ei« I «!3 C ^ 4 N I fM 4I « ^»7 •' 

Ci«^ Ok. 04 Nin4'4M 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.' '1-'- L4F^14IVE" I ^ 

[•1.1 .C". miEi 

-- L MijC^ «.ei« E .KM 

•F -- Ml L-l ill L .i- Ml E» nil 4 

QMM QOF TaB a Daaari Ovwain CHy 
-C'T«,i i«i,ii iij >Mwi-teb«60PTM 
— [''KK 4 4-t Ii'.l [•ei9 19] I4I 4 < C«4I 4 [•;M<C»II9] 41 ^ 

^ '«'i !«''« "" UiM9«w4riirrfQOF 
> ^ ' i<o ^ ' M .. [•ei9 19] I414 < c«4i 'j4">"> 4 Ci;ii<C»ii9] 41 ' 

Lad 

6M«M ftflWa ai Ou ̂  
' 'ii"' 

Ui IHLEI i>u-

UiiHLEi 

> lt<« >>« i«] HLEI 

I IC»4; i>9 i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd fl«)-OaM 
•i«3 3«4 i«l ».« 'l'"- NC« ^'iiKrr.vi ||«3 t «< F.i 41 rT..Jiicl« ['U 

( IHLEI 

II IMLEI 

il IMLEI 

> lt<« >>« l«] HLEI 

I IC»4; l>9 l«] HLEI 

l^wH^QOFTMaC 
S«VV»Vi1feQ0FTM 

C •»! 9 19] C ^ 4 4C C« « L ipi« I ^ 41 ^ I pi I • 

UWatGQFTal 
C •»! 9 19] C ^ 4 4C C« « L ipi« I ^ 41 ^ I pi I • 

Liataind HOS Mt<av iUr« Nm-CMv 

UCLrwp Lsawnid •abuiv)«iri IW ErfmM idw DMMd AM** Oahad 
M1tW.l1 ,;;teJ| -lie- h 1 ii L |M 1 L .pi H 

M. „.34,3LM , 

H C'llp^Jl 1". 4I H 4l'>«lMiLjl 

tW.ll.ppteJl 11. 

(Ulton^ 
OJZMiv 

(UljfTr«vlan«ri 
• It. 

DLfi il na A raaimirAri f« • 

PI«VMnab Cbshiiv) RM UCLIaWa 
^•iiB^r^iBfiBriTi^inahaf BT" liifti 111 I 



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -Fik T«,, >>%. »vft¥ilfcQOFT«l 

II —ilk I iiji «! 4i'i« 11 'i [•»!« 19] 4 N I fM".«! « ^ "i , y.i 

biii«ii^T«,i i«i,ii M.4. UWwvQOFTvl 

^ "i LJII<4 I; ' I<0 ^ ^'e " . ~ C•»!9 19] C^ 4 N I fM rr.^ "i , y., 

Ci«^ Ok. 04 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 

ttei.' ' L4F^14IVE" I ^ 

I 14." .C". miEi 

-- L 14 • -f-- M(|C^ «.ei« E .KM 

* M(|.-| ill L 14 f -- M( E» nii4 

QMM QOF TaB a Daaari Ovwain CHy 

-C'T«,I |«I,|I Mjiu >Mwi>teb«60PTM 

— [''UK 4 4-t [•»!« 19] l4i 4 < C«4I 'IM"'"'4 [•;ii<C»il9] 41 ^ 

^ '«'i ii'-a "' •) UiM9«w4riirrfQOF 

' ^ ' I'O ^ " . ' [•»!« 19] l4i 4 < C«4I 'IM"'"' 4 Cl;ii<C»il9] 41 ' 

Lay 

6M«M ftflWa ai Ou ̂  

'^•a iMLt' ' ' iiij 

Ui IHLEI 14 .. 

UiiHLEi • 

> lt<« >>« !«] HLEI 

I IC»4; i>9 !«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd fl«)-OaM 

•i«3 3«4 i«l ».« ^•1-- NC« ^'iiKrr.vi ||«3 t «< F.i 4! rT..Jiicl« ['U 

( IHLEI 

II IMLEI 

il IMLEI 

> lt<« >>« l«] HLEI 

I IC»4; l>9 l«] HLEI 

l^wH^QOFTMaC 

M^MkfiCFTat 

C •»! 9 19] C ^ 4 4C C« « L ipi« I^ 41 ^ < pi I • 

UWatGQFTal 

C •»! 9 19] C ^ 4 4C C« « L ipi« I^ 41 ^ < pi I • 

Ljatamy HM k«it<av iUr« Nm-CMv 

UCLrwp Lsawnid •abuiatay IW ErfmM idw DMatdyMa* Liaaiiidr •ahad 

^.1 ,,.34,3L,, 1 

H C'llp^Jl II 4I H 4l'>«lMiLjl .11" 

H4.41.1i .p;te 31 1114" 

(Ulton^ 
OJZMiv 

(UljfTravlain«ri 

DLfi il na A raaimirAri f« • 

PI«VMiiab Cbshiiv) RM UCLIaWa 

ttwti ttes *« 6ews a S% la*a* lad 



I = I • I ' I E r I " I ' I 'I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, ii^j- »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« 11 • I [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i |«I,|I M.+ UWwvQOFTvl 

^ "i LI"<4 I; ' I<0 ^ ^'e 11 1U C•»!9 19] C^ 4 N I fM rr.^ "i , y., 

Ci«^ Ok. 04 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
L4'.l4> 3 E>> I 

miEi 

. M< jC^ «.ei« E M;II 

-f• M E» nil 4 

QMM QOF TaB a Daaari Ovwain Mr 
-C'T«,i i«i,ii mj >Mwi>teb«60PTM 

UiM9«w4riirrf QOF 

f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  

'^•a iMLt' ' ^1 

Ui IHLEI CHN i 

UllHLEl .4^1 

> lt<« >>« i«] HLEI 

I IC»4; n« i«] HLEI ' 

<imim W kMHm 

QaiM ROS 9MWW arv bpaad fl«)-OaM 
•i«3 3«4 i«l t.« 'l'"- NC« ^'iiKrr.vi l'«3 t «< 41 rT..Jiicl« ['U 

( IHLEI 

II IMLEI 

il IMLEI 

> lt<« >>« l«] HLEI 

I IC»4; l>9 l«] HLEI 

L^WHaeOFTMaC 
M^MkfiCFTat 

C'49i«]C^i4N I L •;<« irT.41 41 ^ 

UWatGQFTal 
n > no 4 4-M> " 1-U C'4«l«]C^I4ri 

DMad DM HK IjBamri « M 

^iiitiaUirB Inpiiy Na-CtaM 

• dahlia Fra UCLftaWa 
^ray^iVt^riy. t^-h^ i K W 



, - I E I . I C I E I F I G I H I I I I I 

I I C'4« I 

( L [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, >>'4 »vft¥ilfcQOFT«l 

^ K 4 ii —il k I I ii 1 4I 4I. le II "4 C "ei« I «!3 C ^ 4 N I fM 4! « ^j .ii • 41 

biii«ii^T«,, II UWwvQOFTvl 
^ S LI" <4 I; ' I < 0 ^ ^' e " . ~ C •»! 9 19] C ^ 4 N I fM rr. «l « ^ j .li 1 «i 

Ci«^ Ok. 04 Nin4'4M 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.'' ^1 141^141 VE" I ^ 

I t .e-- miEi 

1 '* -fM( |C^ «.ei« E . un 

* M( L-l III L 1-1 M( E» nii4 

QMM QOF TaB VI Daaari Ovvwiv* Mr 
-C'T«,i i«.,i. 1.F >Mwi>teb«60PTM 

^ '«'i ii'-a ' UiM9«w4riirrfQOF 
iiiO^ ".'~ [•ei9 19] I4I 4 < C«4i '44"'"'4 [•;ii<C»ii9] 41 ^ 

6M«M ftflWa ai Ou d# 
' 11 k%'l 41 ' ^|«^«3 HLEV 

TK«L4UI|HLE| 4'~ T|«I4 lC»4; |I9I«]MLE| 

r.'lUllHLEl r»,il4ilt'4i ii«l«3l 

HLElW.lt.4; II9I9]! . -I MLE >]IC»« li« »»]! 

teliM W kdtim 

QaiM ROS 9MWW arv bipMd flv)-OaM 
•i«3 3«4 i«l t.« ^•1-- NC« ^"iKrr.vi i,«3 t i«i «> 41 rT..Ji,cl« ['U 

( IHLEI 11.^ k il4i lt'« ii« l«3 HLEI 

lIlMLEl 4.L. TI«I4 lC»4; |I9I«]MLEI 

.1 IMLEI ..11 '«> ;I4I lt>4; II« l«]l 

COP m Da^ Cfcviavi 
uc»i -'ikT«,, M»MkfiCPT«t 

biii«M^T«,i |«.,|. 11.1 UWOTGOFTal 

^ S LI" <4 I; I 110 4 4-t " . ~ C lei 9 19] C ^ 4 4C C«« L tpi« I rr. ^ 41 ^ S 

Dmmi Dm apav ̂ fpvma* Spiivvm Imtd 

LiVtaind HM iUrv NVI-CMM 

UCLrwp LsBwnid •abuiv) viri IW ErfmM idw Dwid AM v» Oahad 
•ntW.l1 ,;;teJ| .i--. .C". MM 

^['11^ y^V ^ ^ 1% h ^ 
• '< i«'l4i]Eiii I n«>4<'ii t;^]! " 

aUtlm-JtmwImmwi 

DLfi ii nv A ravnmirAri mtfwA BMM f« iaipvvm ad HavMd nan 

PIvvMiiab Ckvhdv) RM UCLfaWa 
Dm mm >bPMM rBiiiiirivliiiiigTf ^itvM M 



I i I I [ I E I ' I I H I I ' I 

I I ['9< I 

( L [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, >1.1 »vft¥ilfcQOFT«l 

bii'«ii^T«,, 11 n UWwvQOFTvl 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' ' Ur^l^iVE" I ^ 
I ]'• .C". miEi 

-f-- u •'-'. M( |C^ «.ei« E Mill 

•F -- M( in III L 1> M( E» nil* 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,i i«.,i. iijF >Mwi>teb«60PTM 
— C'lKK 4 4-t II ~F [•ei9 19] 1*14 <c«4i ij*"'"'4 CniiiC»ii9] 41 ^ 

^ '«'i ii'-a ' UiM9«w4riirrfQOF 
' I'O ^ ".^ [•ei9 19] 1*14 <c«4i ij*"'"'4 CniiiC»ii9] 41 ^ 

Lay 

6M«M ftflWa ai Ou ̂  

UllHLEl 1.1! 

UiiHLEi -11 • 

I lt>« ii« i«] HLEI 

I IC»4; ii« i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd flv)-OaM 
•i«3 3«4 i«l t.« ^<1-- NC« ^'i|KrT.4,» |,«3 t i«i «> 41 rT..Ji,cl« C'U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt>« ii« l«] HLEI 

I IC»4; ||« I«] HLEI 

L^WH^QOFTMaC 
S«VV»Vi1feQ0FTM 

UWatGQFTal 

L^amy ROR ^aitiaUirg Intiiy NvcCtaa 

UCLrwp LsBwnid •abuia vd IW ErfmM idw DmaddM v» LiBaiiidr •ahad 

• ntw.l1 ,;;teJl II- h .f". h III LIMI L .;l 

•n I,.14I3LI, I 

n C'li;^!! 1"^ 41H 4i.,«iMiL3i 

tW.l1 .;;te3i II 1 i 

(Ultond 

OJZMiv 

(UljfTmlvin«ri 

iiiit. 

DLfi ii nv A ravnmrAri f« iaipvvm ad HavMy nan 

PIvvMiiab Ckvhiia RM UCLIaWa 
Dn Nvnd Cbah^ V n W*««* lad 

. MtjC^ «.ei« E > 



I c I E I F I G I M I T 

I I C'4« I 

( L [•«« I 

N«md 60P Im m DMS O# 
Uc»> -'Ik T«,, >>c »vft¥ilfcQOFT«l 

' K 4 ii —il k I I ii 1 4I 4I. le 11 • J- C "ei« I «!3 C ^ 4 N I fM 4! « ^j .ii • 41 

bii'«ii^T«,, UWwvQOFTvl 
^ S LI" '4 I; ' I' 0 ^ ^' e 11 1 C •»! 9 19] C ^ 4 N I fM rr. «l « ^ j .il 1 «i 

Ci«^ Ok. 04 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.'' i'y- 141^141 VE" I ^ 

[• ~ 1 .e-- miEi 

.'1 ̂ M( |C^ «.ei« E Mill 

•F -- M( L-l III L • H E» nil 4 

QMM QOF TaB a Daaari Ovwain CHy 
-C'T«,i i«.,i. 1 t >Mwi>teb«60PTM 

^ '«'i ii'-a I UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou O# 
ilti ' ' 11 i k%'l 41 ' ^|«^«3 HLE'I ' 

It.«L4UllHL£| c It®l4iHlt»4i •I«I«3HLEI 

<.'>UIIHLEI 1 <«m4i lt>4; ||« I«]l 

HLElW.lt.«; II9I9]! . ||J MLE >]IC»« II« »»]! 

teliM m kdtim 

QaiM ROS 9MWW arv bpja fl«)-OaM 
•i«3 3«4 i«l t.« ^<1-- NC« ^"iKrr.vi l'«3 t i«i «> 41 rT..Ji,cl« ['U 

( IMLEI 11.1 k il4i lt'« ii« l«3 HLEI 

iilMLEi '«)' Tl«i« ic»«; II9I«]MLEI 

,1 IMLEI 1 il4i lt'4i II« l«3l 

i^awa COP m Da^ 
Uc»i -'ikT«,, ^,.,1. II.M^MkfiCPTat 

1.« II —li k I 11| I 4I 4I' I« II'.*' C *819 19] C ^ 4 4C C«« L tpi« I rr. ̂  ^ "i I pi I • 

biii«M^T«,i |«.,|. 111 UWatGOFTal 

^ "i LI" <4 n ' I < 0 4i ^' e 11 1 C *819 19] C ^ 4 4C C«« L tpi« I rr. ^ «i ^ "i 1 pi 1 • 

Liataind HOS kaaa iUr« Nm-CMv 

UCLff W0 Uaaind •abuiatad IW ErfmM idw DnatddMa* Ljaamdr •ahad 

• ntw.l1 ,p;teJ| 4 1 .C". h III LIMI L .;l J- ^ 

• n I,.34I3LI, I 

n C'lip^Ji 1 41H 4i'i«iMkL3i 

tW.l1.;;te3i II 1. 

(Ultond 

OJZMiv 

(UljfTravlain«ri 

DLfi ii na A raaimirAri f« iaipnm ad HMM nan 

Plavaaiiab Cbshdv) RM UCLIaWa 
Dn L^wnd Cbah^aSK lad 



I i I I [ I E I ' I I H I I ' I 

I I ['9< I 

( L [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« M ' 1 [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i |«I,|I M.-v UWwvQOFTvl 

^ LI" '•* I i ' 110 i i • e 11 1 ~ C "ei« I «!3 C ^ 4 N I fM 4I « ^»7 •' 

Ci«^ Ok. 04 Nin4'4M 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' Kv>i 141^141 VE" I ^ 

I .e-- miEi 

-f-i M(iC^ «.oi« E . KM 

* M( L-l ill L ?••". -fM( E» nil 4 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,i i«i,ii ii^ii- >Mwi>teb«60PTM 
— [''UK 4 4-t "'*1. [•»!« 19] I4I 4 < C«4I '44"'"'4 [•;M<C»II9] 41 ^ 

^ '«'i !«''« UiM9«w4riirrfQOF 
' ^ ' I'O ^ " 1 ' [•»!« 19] I4I 4 < C«4I '44"'"' 4 Cl;ii<C»il9] 41 ' 

Lad 

6M«M ftflWa ai Ou ̂  

Ui IHLEI 4- |i-

UiiHLEi . •' 

> lt<« >>« i«] HLEI 

I IC»4; i«] HLEI 1 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd flv)-OaM 
•i«3 3«4 i«l t.« 'l'"- NC« ^'iiKrr.vi l'«3 t «< 41 rT..Jiicl« ['U 

( IHLEI 

II IMLEI .i| 

il IMLEI 

> lt<« >>« l«] HLEI 

I IC»4; I«] HLEI . 

L^WH^QOFTMaC 
S«VV»Vi1feQ0FTM 

UWatGQFTal 

L^am^ ROR ^aitiaUirg fctpiiy NvcCtaa 

UCLff W0 LiBaind •abuia ari IW ErfmM i4a) DMMd AM v» Oahad 
• ntW.l1 ,;;teJ| -ee. -e S h i ii L 1^ H L .;i -l-Jn 

•n ,,.34,3L,, 1 

n C'llp^Jl .1-1 4l H 4l.>«lMkL3l 

tW.1.;;te3i 

(Ulton^ 
OJZMIM 

(UljfTr«vlvin«ri 

DLfi il nv A ravnmrAri f« • 

PIvvMnab Cbvhiia RM UCLIaWa 
r^iiv^r^iBfiBriTi^invhaf •T'liirii ni irf 



t te«• • L ['(L 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, >>j+ »vft¥ilfcQOFT«l 

^ K 4 ii —il k I I ii 1 4I 4I. le II C "ei« I «!3 C ^ 4 N I fM 4! « ^• y .ii • 41 

biii«ii^T«,, IIUWwvQOFTvl 
^ S LI" <4 I; ' I < 0 ^ ^' e " . C •»! 9 19] C ^ 4 N I fM rr. «l « ^ j .li 1 «i 

Ci«^ Ok. 04 Nin4'4M 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' i; 141^141 VE" I ^ 
I 1.11-4 .e-- miEi 

-- -S" Ml |C^ «.ei« E . un 

•F -- Ml l.-l III L *•. Ml E» nil4 

QMM QOF TaB a Daaari Ovwain Mr 
-C'T«,i i«.,i. >Mwi>teb«60PTM 

^ '«'i ii'-a '» UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
iMlt' ' ^1 ' - k%'l4iV'«' ^lVl«3HL£V 

TK«L4UI|HLE| 1-'1- T|«|« lC»«; |I9I«]MLE| 

<.'>UIIHLEI >>•! <«m4i lt>4; II« l«]l 

HLElW.lt.«; II« I9]l "1' MLE >]IC»« II« »»]! 

teliM W kdtim 

QaiM ROS 9MWW arv bpja fl«)-OaM 
•i«3 3«4 i«l t.« ^<1-- NC« ^"iKrr.vi l'«3 t i«i «> 41 rT..Ji,cl« ['U 

( IMLEI 11 1 ^ k ;i4i lt>« ii« l«] HLEI 

iilMLEi ||''-|| Tl«i« ic»«; II9I«]MLEI 

,1 IMLEI ^ il4i lt'4i II« l«3l 

l^awa COP m Da^ 
Uc»i -'ikT«,, ^,.,1. II ^ M^MkGCPTat 

biii«M^T«,i i«.,i. 11.1. UWatGOFTal 

Dmmi Dm apaa ̂ fpama* Lga»"^ ipiiana Imtd 

Liptaind HM kaaav iUrp NVI-CMM 

UCLff W0 Lapamd •abuiataa IW ErfmM idw Dnaid ̂ Maa Oahad 
M1tW.l1 ,;;teJ| -11 J .C". h III LIMI L .;l m • 

M. I,.^I3LM I 

H C'llp^Ji 1'.. 4I H 4l'>«lMiL3l 

tW.l1 .;;te3i IIJ 1 

(Ulton^ 
OJZMiv 

(UlJtTravlainari 
e . ̂ 

DLfi ii na a raaimirAri f« iaipaBm ad HMM nan 

Plapaaiiab Ckahda) RM UCLfaWa 
ITiaaf rai ppia 'wiiii a liiri^rfnahaf BT" Ipdaaelad 



I i I I [ I E I ' I I H I I ' I 

I I ['9< I 

( L [•«« I 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, »vft¥ilfcQOFT«l 

bii'«ii^T«,, >>1'. UWwvQOFTvl 

(KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
3 E>> I 

m lE' 

. M( |C^ «.ei« E M;II 

-f• M E» nil* 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,, >>1- >Mwi>teb«60PTM 

[•ei9 19] 14I4<C«4' 'IM"'"'4 [•;ii'C»il9] 41 ^ ' 

UiM9«w4riirrf QOF 
[•ei9 19] 14I4<C«4I 'IM"'"'4 [•;ii'C»il9] 41 ^ ' 

Lay 

6M«M ftflWa ai Ou d# 
( IHLEI 

II IMLEI 

,1 IMLEI 

I it<« >>« !«] HLEI 

I IC»4; I>9 !«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd flv)-OaM 
•i«3 3«4 i«l t.« ^•1-- NC« ^"iKrr.vi l'«3 t i«i «< 4! rT..Ji,cl« ['U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt<« M« 19] MLEI 

I IC»4; l>9 l«] HLEI 

l^wH^QOFTMaC 

UWOTGQFTal 

LiVtainy HOS k«it<av iUrv NVI-CMM 

UCLfwpLjpamd •abuiv) viri IW ErfmM i4a) DwidyM v» LiBaiiidr aahad 
• ntW.l1 .;;teJl II- , .C". h II 

[•|1 ;;teJi 

w.il .;;te3i 

(UlJtTrwIvinvri 

DLfi ii nv A ravnmrAri f« iaipvvm ad HavMy nan 

Ptvpavnab Ckvhiiv) RM UCLIaWa 
Dn Nvnd Cbah^ V n W*««* lad 

. M(iC^ «.ei« E > 



I = I • I ' I E I F I , I H I , I ^—r 

I I C'4« I 

t te«• • L 3J«3 C "9« I i C' • L . 

nmnd «OPTM«teMC^ 
ucM M»MkGCFT«t 

II —ilk I Iiji «l «I'|« M J. [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i i«i,ii >>.. UWOTGQFTM 

Dmmi Dm vpw ftamd Spiivn* Imtd 

M l^;*i^»UcU 
'1 J. L4<.l4> 3 E>> I 

[• . F- .e-- miEi 

-f-- L ^ •^''- M(|C^ «.ei« E .KM 

* Mdri ill L i^r •^''- • H E» nil4 

6MM 60F T«M tetiad AmMiM 
^ T«;| |«i;|i II -F 

T«^I i9no "..J Mw^twfcittrfeop 
' I<0 ^ ".^ [•»!« 193 I4I 4 < Ce4i 'IM"'"'4 [•;M<C»II93 41 ^ 

Cha 64 
k t.9 IMLEI II ^F kji4ilti« iiei93HL£i 

TK«L4UIIHLEI •!' Tl«i« ic»«; II9I«3HLEI 

i.'iUi IHLEI "II- ii4i Iti4i lie 1931 

HLE)W.lti«; 119 1931 HLE >3iC»« ne »e3i 

' 6MIM' '{04Ul<y 

<yiiiM ROS ftflWM IM0 hpMd Hrn^^mm 

I IMLEI II k JI4I lti« "9 193 HLEI 

IIIMLEI ~1 ' Tl«i« ic»«; 119193HLE1 

i.'lUi IHLEI 

HLE IW.|ti«; II9I93I 

60F TM tfi tha^d 64 
Uc»i -ilk T«,| t4ii,ii II-1 »v»Vi||feQOFT«l 

'bM.9i'»Vi9^i 'n^^i'i "'11.'". 'iMUm'QCFTm' ' 
^ "i LJII 19 I; I 110 ^ ^' 9 11. C 919 193 C ^ 4 4C C9 9 L tpi« I rr. 9 «i ^ "i 

6^^ DM a*M l^rnrndmSt Mritmm Lad 

bpamd ROS MrfM Uarp hpMd NwCMM 

, El -E . cii« III L 

hill LiL.;ti| . 1-. 

H( 19 I413 Ell • 1 H 

94r.ll .;;9J| ie. -eh 1 ii L |M( L .;i 1.' 

[•|1;^J| .11^ 4I H 4i'>9iMiL3l '-b 

94r.ll ,;;93i II -

DUIhny 
omsmrnim 

djaiM-TrMlMy 

• dahlia Ftm UCLftaiiiM 

. M< 1C9 9.0I9 E > IU14 



I i I I [ I E I ' I I H I I ' I 

I I ['9< I 

- [«ae c ' 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 

uc»> -'Ik T«,, >>— »vft¥ilfcQOFT«l 

K* ii —ilk I ii|i «! 4l.ie 11 [•»!« laij 4 N I fM ".^i j ^, y.i 

bii'«ii^T«,, ii.'F UWwvQOFTvl 

tktt #nf Mn^ MM J jl 

|i^ai-MM (KH ftfliiiii larg N*mM CifeM VMat Mapaanai* UCIJ 

ttei.' ' 'r/li L4r^l4iVE" I ^ 

[• 1 -• .C". miEi 

1'J' M(|C^ «.ei« E .KM 

•F -- Mdri ill L 1" J M( E» nil* 

QMM QOF TaB a DaaaM Ovwain CHy 

-C'T«,, ,«.,,. >Mwi>teb«60PTM 

— [''UK 4 4-t II ~ I [•ei9 19] 1*1 4 < C«4I 'j*"'"'4 CniiiC»il9] 41 ^ 

^ '«'i ii'-a I1QOF 

> ^ ' I'O ^ " . F [•ei9 19] I414 < c«4i ij*"'"' 4 Ci;ii<C»ii9] 41 ' 

Lay 

6M«M ftflWa ai Ou ̂  

' i 
UiiHLEi 1"„ 

UiiHLEi . 

I lt>« ii« i«] HLEI 

I IC»4; ii« i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpMd fl«)-OaM 

•i«3 3«4 i«l t.« NC« ^'iiKrr.vi l'«3 t i«i «> 41 rT..Ji,cl« ['U 

( IHLEI 

II IMLEI 

,1 IMLEI 

I lt>« ||« I«] HLEI 

I IC»4; ||« I«] HLEI 

L^WH^QOFTMaC 

M^MkGCFTat 

C •»! 9 19] C ^ 4 4C C« « L ipi« I ^ 41 ^ < pi I • 

UWatGQFTal 

C •»! 9 19] C ^ 4 4C C« « L ipi« I ^ 41 ^ < pi I • 

LiatainM HOS k«it<av iUr« Na-CMv 

UCLrwp Lsawnid •akiiaay IW ErfmM idw DMatdyMa* LiBaiiidr aakad 

•ntW.l1 ,;;teJ| 1 -J. .f". h Ml LIMI L .pi 1'^-

•n ,,.3413^1, 1 

n C'llp^Jl IM11I ,1 M 4l'>«lMkLjl . '. 

tw.li 

(Ulkii^ 

CUMiv 

(UljfTravlain«ri 

DLfi ii na A raaimirAri f« • 

PI«VMiiab Cbshiia RM UCLIaWa 

NanM Oak^a SV U 

. M< |C^ «.ei« E I nna 



I i I • I [ I E r I 0 I I I I ' I - I 

I I C'4« I 

( L }}93 [•«« I 

N«md 60P Im m DMS O# 
Uc»> -'Ik T«,, I'M »vft¥ilfcQOFT«l 

II —ilk I Iiji «l «I'|« M ~ [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i |«I,|I M -V UWwvQOFTvl 

^ "i LI"<4 I; ' I<0 ^ ^'e " . ̂  C•»!9 19] C^ 4 N I fM rr.^ "i , y., 

Ci«^ Ok. 04 Nin4'4M 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
L4'.l4> 3 E>> I 

miEi 

. M< jC^ «.ei« E M;II 

-f• M E» nil 4 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,i i«i,ii 1"^ >Mwi>teb«60PTM 

UiM9«w4riirrf QOF 

f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
'^•a iMLt' ' ^if\j 

UllHLEi 111^4 

Ui IHLEI 1- •• 

« i«3 HLEI 

» i«] HLEI 

<imim W kMHm 

QaiM ROS 9MWW arv bpaad flv)-OaM 
•i«3 3«4 i«l t.« 'l'"- NC« ^'iiKrr.vi l'«3 t «< 41 rT..Jiicl« ['U 

( IHLEI 

II IMLEI 

il IMLEI 

> lt<« >>« l«] HLEI 

I IC»4; l>9 l«] HLEI 

L^WHaeOFTMaC 
S«VV»Vi1feQ0FTM 

C'49i«]C^i4N I L •;<« irT.41 41 ^ 

UWOTGQFTal 
' "0 4 4-M> C'4«i«]C^i4ri 

DMad DM HK Ijaamri V n %r«wM M 

^iiitiaUirB Inpiiy NVCCMM 

OAlM-TrMlvmy 

• dvhlia Fra UCL&flWa 
^ray^iVt^riy. t^-h^ i K W 

dUCLaUa 



) te«' ( L C •«« I; '1 C' ( L 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, 11 »vft¥ilfcQOFT«l 

bii'«ii^T«,, ,«.,,. >>1. UWwvQOFTvl 

Si 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' ' ^14 -f Ur^l^iVE" I ^ 

I .-ii" .C". miEi 

-f • -fM( |C^ «.ei« E Mill 

•P • H in III L ..»• •^''- M( E» nil* 

QMM QOF TaB VI Daaari Ovvwiv* CHy 
-C'T«,i >Mwi>teb«60PTM 

^ '«'i ii'-a UiM9«w4riirrfQOF 
^ » I 110 ^ ^' e " . a' C tei 9 I«] 1*14 < c« *1 I j*"'"' 4 C •; 111 C» II«] *i ' 

' 
6M«M ftflWa ai Di^^ Ou O# 

' i i k%'i *1 ' ^|«^«3 HLEV 
TK«L*UIIHLEI 44'1 Tl«i* ic»*; II9I«]MLEI 

i.'lUi IHLEI .>>>>1 'II ;i*i It'*; ||« I«]I 
HLEiW.lt'*; ||« I«]I '•• HLE >]ic»« M« »e]i 

teliM W kdtim 

QaiM ROS 9MWW arv bpMd flv)-OaM 
';«3 3«* ;«i».« 'i'"- N[• ^"it.".*,» i,«3 t ;«i «' '•; *i "..JLCI® ['L^ 

( IMLEI >>1-1 k ;i*i lt'« ii« 19] MLEI 

»I|MLEI "f It9i*;nit»*; H9ie3MLEl 

,1 IMLEI II- 'II ;i*i It'*; lie i93i 

L^WH^ «0F TM a Da^ CbMiM ̂  
ucii -'Ik T«,, .*„,„ II-'. S«vv»Vi1feQ0FTM 

bii'eM;T«^, II. F UWatGQFTal 

Dmmi Dm apav ̂ fpvma* Spiivvw Imtd 

L^am^ ROR ^aitiaUirg Intiiy NvcCta^ 

UCLrwp LsBwnid •abuia vd IW ErfmM idw DmaddM v» lawmn^ •ahad 
HHW.|1,;;teJ| 1.. .f". h III LIM( L .;l J 

H. i,.l*i]Li, 1 

H C'll;^!! 1^' *1 M *i.,eiMiL3l 

tW.ll .;;te3i II '#-

(Ultond 
OJZMiv 

(UlJt-Tmlvin«ri 

DLfi ii nv A ravnmrAri f« iaipvvm ad HavM nan 

PIvvMiiab Ckvhiia RM UCLIaWa 
Dn Nvnd Cbvh^ V n W*««* lad 

UCLaUa 
-fM( |C^ 9'Oie E . i;ii« 



- I = I • I ' I E I F I , I H I , I , I r 

TrMtf 

I I C'4« I 

t te«• • L 3J«3 ["seii ['(L. 

nmnd «OPTM«teMC^ 
ucM ^,.,1. >>-•*. M»MkGCFT«t 

II —ilk I iiji «l «l'i« M J. [•»!« 19] 4 N I fM^ "i , y.i 

biii«ii^T«,i |«I,|I M.^. UWOTGOFTM 

Dmmi Dm vpw ftamd Spiivn* Imtd 

lte«. 1 L4<.l4> 3 E>> I 

[•1^.1 .C". miEi 

-f L 1 ••'• •^''- M(|C^ «.ei« E .KM 

* Mdrl ill L 1 -fM( E» nil 4 

6MM 60F T«M tetiad AmMiM 

-^T«;| |«i;|i 11-1 

» T«,I I«i,s II.-i. Mw^twfcittrfeop 

Danari DM Ha tern CMMd a S« IpriRMw M 

(MM^ftdiaa Cha 64 

k 1.4 IMLEI 111 k ;i4> lt<« >>« i«3 HLEI 

TK«L4UIIHLEI 1 >t Tl«i« ic»«; II9I«3HLEI 

i.'lUi IHLEI .. •• il4i Iti4i ||« l«3l 

HLE)W.lti«; 1191931 ."^r MLE .]ic»« ii« »e3i 

6MiM'^yy.Ma'{04Ui<y 

<yiiiM ROS ftflWM lata hpMd Nat-C^MM 

I IMLEI 11^1' k JI4I lti« ||« i«3 HLEI 

IMMLEI ,'U TI«I« ic»«; II9I«3HLEI 

i.'iUi IHLEI 

HLE iW.iti«; ii«i«3i 

60F TM ai thaMd Ck^afaM 64 

uc»> -ilk T«,i t4ii,ii II .1 »v»Vi||feQOFTal 

6^^ DM MB l^any a n Uy 

bpamd ROS Mrfa Uarp hpMd NavCMM 

, E' -E . cii« III L 

DLfi ii rat • MMinaM myad. fa vaiiMM* I* 

RawM^ttokirfaifry UeL6^ 
DMaid DM FPM ̂ fpanM Namd •abMda SS 9grtmmwm Imd 

IKLaUim 

-fMl |C^ «.ei« E I 



) te«' ( L C'lL 

N«md 60P Im m DMS O# 
uc»> -'Ik T«,, >>J1. »vft¥ilfcQOFT«l 

' -- K* ii —ilk I ii|i «! 4l.ie 11 -I I [•»!« laij 4 N I fM ".^i j ̂ »j.iii 41 

bii'«ii^T«,, >>ji UWwvQOFTvl 
^ "i LI" '4 I; ' I' 0 ^ ^' e "1 *1 C •»! 9 19] C ^ 4 N I fM rr.^ "i » j .li 1 41 

Ci«^ Ok. Ik4 

|i^ai-MM (KH ftfliiiii larg N*iM CifeM VMat Mapaanai* UCIJ 
ttei.' ' 141^141 VE" V 

[• 1.-L^ •niE' 

"J' M(iC^ «.oi« E . KM 

* M( L-l ill L M( E» nii4 

QMM QOF TaB a Daaari Ovwain Mr 
-C'T«,i i«.,i. . >4) >Mwi>teb«60PTM 

^ '«'i !«''« " UiM9«w4riirrfQOF 

" " f^^ra iifa k ft i^iiiV»i < y 

6M«M ftflWa ai Ou ̂  
' 11 n k%'i 41 HLEV 

TK«L4UI|HLE| ^U, T|«|« lC»«; |I9I«]MLE| 

r.'lUllHLEl r»,il4ilt'4i ii«l«3l 

HLElW.lt.«; II« 1931 "1 MLE >3lC»« i>« »»3l 

teliM W kdtim 

<^iM ROS ftflWa lang hpari 

I IMLEI II I1L k ii4i lt'« ||« I«3 HLEI 

.IIMLEI 1'.. Ti«i« ic»«; II9I«3HLEI 

r.'iUl IHLEI 

HLE M« i«]i 

LayaM^ SOF Ttf ai tha^d Ck^afaM frV 
uc»i -'Ik T«,i t4i.,i. »v»Vi||feQOFTal 

'' 'bNi^M'.u.; 'i,:.i'.' "ii.r uyd.'titf T^'' 

6e He l^aii^ « St Www Ua 

Lepamd ROS Mrfa Uarp hpari NwClaM 

, El -E . cii« III L t 

tijft L^Traa^tfindl 

DLfi ii ra • raaiinaM ma«4 f« eaieBM* «d MeaM I* 

DM^mMbne CbeariUe [fceibiai« 5% Sp*eee lad 

Um 



APPENDIX B-6 
DEEP GROUNDWATER 



Zi ar^rnikmm 

Appaidu B-6 

ProUCL <!>ijrpui • Deep <Jroundwaier 

Smokp) Mouniain SmeJio's 

Knox^ilJe. Toinesee 
UCL MUM tar DM M Hw^Omau 

I L li.C'J 

N.,rT.t«i I [•«« u m N.,rT.t«i if 

fJ.,rT.t«i I [•,j|,r. I C.ei« U 1" iC'.ji.r. |f 

['«!«! 1 ' 

41.41. « [•ei® C 1 ^ «|.| f 

' <««4i. ["ei® c 1- 111 

fW. I L u . ̂ 4 1 [• i L 

H«md QOF TM«) DMM 0%f 

I.4CM -.Ik T«,, ,«.,,. .. .. 

' f<4C .1 —.Ik I I.i. 4I 4l'i« II 4 . [•»!« laij C^l 4 ff 1 fM ".41 41 ' . J.. 

bii.«ii^T«,, ,«.n. II.' UWonQOPTM 

DMaMd DM WM Heii^ «5% 9p#N«M iMtd 

{KM 9ttmimMMNwmd CrilMWiAmwd^tm 

. M(|C«i «.|.l« E 

-e S M ( E 

Qanm* QOP TM «) DMMd 

.41.n. II^II. AidMm-DElFiQOPTM 

^ '«'! Ki'-i' II i~' UiKMe^MralQOP 

DMMd dM QMm« CbvbMd« SI I^IMV* LMI 

Mime MUM m DMMd DM a* 

f^i IHLEI . ii" 

>.a IHLEI ' • • 

>.a IHLEI * 

«3 ULEI 

«3 ULEI 

Qaime (PM MHM 

f.4l iMfl 11 

Qaime ROD MWw MM b"pM HMOMM 

I IHLEI 

I IKLEI 

I IKLEI 

«3 ULEI 

«3 ULEI 

gOPTMiDMiBiaii iMiii Ortr 

'.Ik 4I 4l'>« II 4. [•»!« |«] C 

QOPTM 

:c«« L;r. »rT.4l 41 

UWM QOPTM 

.41; 4I 4-^ II . [•»!« !«] C'«4 <C«4 

DMMd DM WM LupMind a 9% Spr^MM LM 

Lep—'I'd HOS MafM Udrp bnpMd Hei ftMiB 

VCLJ MM ijp""*d CbvMai md M EninM idwi DMMd dM «e LipMiii CbvbMd 

Ml f W. |1 ;;«3| .111 .F M ill 

C'll ;;te3i II- 1 4" 4-

Ml I,.3413 Ell I I fte4r.ii ;;te3i n 1 ' 

DLBUp-TrMwiwd 

DLAb nae MMiw^d mtfad. piMdedfw •MM*'* aidNMM ri 

HepaaiiMi* OnfaJiin PIM UCL MBIM 

DMMdMM—fVp**"*OnibMdan ipdKa 

. M<|C«I «.|.I« E 



I E T 

' Zt ar^rnAmm 

N',rT.C«> I C'4« u ' N.,rT.C«> i N ,. C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u - N.,rT.t«i I [•.ji", i N ,. [«» u 

I HiifT.'irr. fj I. [«eie I 

Ma ifT..|fT. Ctei9 I " Ma ifT..|fT. rj I. [«ei« I 

« Ctei9 c . 1 «i'i N i.Ctei« 

tW. C.ei«c i C'C^i^u 

M«3,v. ["ei® u i' I 

[•«« u II -• N"l [•«« u 

' • • L J« 3 C'«« I i 1 ^ • C • I L J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«C»| II' «^i«V«ffeQOPT«t 

bii'«ii^T«,, II..1 UWonQOPTM 

DMM4 DM N«md m 51 Ipiiw ImM 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm Hspvanvia UCLi 

L -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP TM «) DMMri OIWI^M 

-C'T«,, ' MMvOvirpQOPTM 

^ '«'i Ki'-i' II..' UiMpv^MralQOP 

OnMd dM WM Qmm% CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

k Ui IMLEI 1 -f k it»*j ii« i«3 HLEI 

TI.44 ).« IMLEI II '' T|«I4 IC.4; II«I«3HLEI 

<«> >.a IHLEI 1' ',it lt<4; 119 i«3i 

Qaim* (PM MHM 

t.4l|Mf| 1- . 

Qaim* H05 SMWW larv hipM HWOMM 

I IMLEI 11I k JI4I \t>»: n« I«3 HLEI 

IIHLEI 11.'^ II«I«3HLEI 

I IHLEI '.11. '.•> ',it Iti4i ||« I«3I 

Upwind QOPTMwDMMdCbMMinft# 

II". 

4I 4i.,« 11" ["ei® i«3 [•«*«£«« L ;i. (f.*! 41 

'«i 1^ U'A II 1' UWMQOPTM 

.41; 4I 4-^ II '. [•»!« i«3 C'«4 <c«« L irT.41 41 

DMawd DM WM Liipmmd a 51 Stpfan* LM 

Lnpwmd flOS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

k M t W. |1 ;;«3| 1 ." * M III 

[•!! ;;te3i 11.11 -F-- 4 " 4-

kM I,.3413 Ell I I tte4r.ii - • 

DtBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

HapaaiMi* PM UCL 5wblb« 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

. k M |C«i «.|.l« E 



N',rT.C«> I C'4« u 1 N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u r N.,rT.t«i I [•.ji", i N ,. [«» u 

I >. N i.[«eiei 

jiiji. e Ctei9 c II C<ei «i.i fJ i.[«eie u 

tW. 1^19 c . [•[«!« u 

M«3,v. ["ei® u - ie I 

[•«« u i II- N"l [•«« u 

) <«t4i' ( L 3 C '4« I; ' C' I L 3 C •»!« I; 

H«md QOF T«t«) 0%r 

K«c»i -ilk T«,, II «^i«V«ffeQOPT«t 

biii«i 1^ U'A i«ini UWonQOPTM 

DMMd Dmrn Hoi Nwmd « SI LMI 

{KM SHtofw larv Nwmd CrilM ll«v««n«VN UCLi 

tw. 1- - I*r.3*i3 Ell I i ttev. 

[• f 1„ -f"- M( lEi -I III L 

•F • H III III L ^11- -F • H |C^ «n,l« E» UII4CI III L 

QaniM QOP TM «) DiMMd 

-C'T«,, u«,.,s 1J.J MM)-Ovir«QOPT«t 

^ '«'i Kii'ii Umayp^Mral QOP 

DMMri^MWvM/Sp.QaniM (blfaJiin«Sl Syiiwee Im^ 

QaniM a^iiiw DIM 

kUiiHLEi ii4" k ji*i it»*i •I«I«3HLEI 

TI.44 ).« IMLEI TI«I4 ;i« 1C.4; II«I«3HLEI 

r», >.a IHLEI 1' '.•> ',lt Iti4i ||« I«3I 

Qaim* (PM MnM 

K41 iMfl II 1 

Qaim* HOS SMWW larv b"M*^ HwOMiB 

I IMLEI II 1". k JI4I \t,t: |I« i«3 HLEI 

I IHLEI - 1 TI«I4 ut IC>4; ||« I«3 HLEI 

I IMLEI •'' I-I ',it Iti4i ||« I«3I 

sCifl 

Upwmd QOPTliDMiBiaii iMiii Ortr 

-ilk T«^i i«.^i. II-J «^i«ViffeQOPTM 

-ilk 4I 4i.,« II -" ["ei® i«3 [•«*«£«« L ;i. (f.^i 41 

|'«| 1^ U'A i«in. II 11' UWanQOPTM 

1.41; 4I 4-^ 11.11- [•ei« i«3 C'«4 <c«« L irT.41 41 

Dmmrni DM la^mmd m 9% Sprfbn* 

Lsyemid flOS SMafw Udrv bnM*^ HB> &••• 

VCLJ Cbvbuiv) md M EninM idmt Ommi dM «• LiipMin CbvbMd 

M( t W. |1 ;;«3| -11. * M III 

l\\ ;;te3l 1 -FS i M 

M( I,.3413 Ell I I tte4r.ii 

DLAMnin 

DU2 Hmd DtB U^Trv^md 

DlAb nB(4 raMniw^d m*e* pmididle •enpeewe widHMied ri 

OfVfaJiin PIM UCL SMBIM 

•d DM ^MIAM taiDA (MbMd« n ipdlM* 



N',rT.C«> I C'4« u N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u N.,rT.t«i I [•.ji", i N ,. [«» u 

I N i.[«eiei 

Ma ifT..|fT. Ctei9 I Ma ifT..|fT. rj I. [«ei« I 

«i,«i. « Ctei9 C 1J ' C«i «i.| rj i.Ctsi« i; 

tW. C.ei«c - C'C^i^u 

[•»!« u ^ > C«|«U 

[•«« U 1 N"l [•«« U 

t • • L •? J« 3 C'«« I i 1 ' •. C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«c»> -'Ik T«,, ii-c «^i«V«ffeQOPT«t 

bii'«i>^T«,, c UWonQOPTM 

DMMri DM Heii^«5% Ipiwiiw iMtd 

{KM 9ttmim larv Nwmd CrilM ll«v««n«VN UCLi 

tW. e 411- IV.34I3 Ell I i ttev. 

[• . ',i MdEi -I III L 

• H III III L • - • •MiC^i «.|.I«E UII4CI III L 

• M l.-l III L • • • H E nil « I III L 

QaniM QOP TM «) DMMd 

-C'T«,, 1144. MMvOvir^QOPTM 

^ '«'i Ki'-i' UmMP^Mral QOP 

DMMd dM WM Qanm* [MhMd« SI LMI 

QaniM S^nhemDwiedDMa* 

k Ui IHLEI II- k ;i4i IC»4; ||« I«3 HLEI 

TI.44 ).« IMLEI 1' i Tl«i« ;i« ic.«; II«I«3HLEI 

r», >.a IHLEI '<1 '.•> ',lt lt'4i ||« I«3I 

HLEtW.iti*; |I9I«3I ' HLE 3it'4i (I® I«3I 

Qaim* (PM MnM 

Qaim* ROD SMWW larv b"M*^ HwOMiB 

I IMLEI 4 4-. k J|,I \t,t: ||« i«3 HLEI 

I IHLEI 1..' It®l4iHlt'4i II«I«3HLEI 

I IHLEI 

Upwmd QOflmrnOmimiatm iMiii Ortr 

-ilk T«^I I«ni' 11-4 

-ilk 4i 4i.,« II 1 ["ei® I«3 [•«*«£«« L ;i. (".ii 41 

l'«i n ,«.ni 11.11^ UWMQOPTM 

Ii4 n 4i 4-^ II 1 [•ei« i«3 C'«4 <c«« L irT.«i «i 

DMaMd DM WM Lg^Miind a 9% Sprfbn* 

Lipinmd HOS 9iaaf« Uarv bnM*^ HB> &••• 

VCLJ Cbvbuia) md M EninM idmt DMMd dM «• LiipMin CbvbMd 

M( t W. |1 ;;«3| 1 f -• * M III 

M) [.11 j;te3i 114.. 4" 4-

M( I,.3413 Ell I I tte4r.ii ;;te3i n u 

DLBUa-Tra^med 

DlAb nB(4 MMiw^d m*e* pmididle wnpeMe aidHMied ri 

OfVfaJiin PM UCL SMBIM 

DMaMd DM WM ̂ MIIM Hmwd OnihMda n 9w*m 

• k M |C«I «.|.I« E 

UCL MUM tar DM 9M tddt Hv>-DMaB 

I L li.C.J 



N',rT.C«> I C'4« u N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u - N.,rT.t«i I [•.ji", i N ,. [«» u 

I N i.[«eiei 

Ma ifT..|fT. Ctei9 I 1 . Ma ifT..|fT. rj I. [«ei« I 

jiiji. e [<eiai c "" 1 • «i.i N i. [«eie i j 

IW. C.»i«c ""1 C'C«i«u 

M«3,v. ["ei® u 1"^ I 

[•«« u 1 "• N"l [•«« u 

' • • L J« 3 C'«« I i ^. C' I L J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«c»> 

bii'«i>^T«,, UWonQOPTM 

Dmm4 DM N«md « 51 Ipiiw ImM 

{KM 9ttmim larv Nwmd CrilM Hspvanvia UCLi 

tw. II - . I*r.3*i3 Ell I I ttev. 

[• II . .e-- MdEi -I III L 

L II '1 -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP TM «) DMMri OIWI^M 

-l-U'A L«iini ii^m MMvOvirpQOPTM 

^ '«'i Ki'-i' 11.^1 UiMpv^Mral QOP 

OnMd dM WM Qmm% CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

kUilMLEi |i-" H«I«3HLEI 

Tl«i« ic.«; II«I«3HLEI 

<«> >.a IHLEI i 'II ',it III*; 119 i«3i 

Qaim* (PM MHM 

t.*l|Mf| -'i. 

Qaim* H05 SMWW larv hipM HWOMM 

MMLEI 11 "f k ji,i \t,t: ii« ie3 HLEI 

I It®!* in iti*i lie ie3 HLEI 

I IMLEI i-i ',it lti*i "9 ie3i 

Upwind QOPTMwDMMdCbMMinft# 

i«i^ii II ' 

*1 *!•,« II 1 ["eie ie3 [•«* «ce« L ;i. •".*! *1 

'eii^T«,, ,«.ni II..' UWMQOPTM 

.91; 4I ^'9 II 1 [•»!« ie3 ['94 <cea L 

DMawd DM WM Liipmmd a 51 Stpfan* LM 

Lnpwmd flOS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

Ml t W. |1 ;;«3| Ji • - * M III 

C'li ;;te3l II -F-- 4 " 4-

Ml 19.3413 EJI I I tte4r.ii -J 

DtBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

HapaaiMi* PM UCL 5wblb« 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

. Ml iC«i 9'iiie E 



N.,rT.t«i I [•«« u • N.,rT.t«i i N r. c 

N.,rT.t«i I [•,j|,r. I c.ei« u • N.,rT.t«i I [•.ji", i N ,. [«» u 

I " ^ N i.[«eiei 

Ma ifT..|fT. Ctei9 I • • Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c «i'i N i.[«eie u 

tW. C.ei«c . C'C^i^u 

[•»!« u 1' > C«i«u 

[•«« U 1 N"l [•«« U 

t • • L •? J« 3 C'«« I i " " " C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 

K«c»> -'Ik T«,, 11 -1 

bii'«i>^T«,, >>. 1 UWonQOPTw 

Dmm4 DM N«md m 51 Ipiiw ImM 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm Hspvanvia UCLi 

iw. 1 - 1 I«r«3«>3 E» I i Itev. 

[• 1 a J .e-- MdEi -I III L 

L . -fM( iC^i «.|,I« E UII*CI III L 

QaniM QOP TM «) DMMd 0%i 

-C'T«,, u«,.,s MMvOvirpQOPTM 

^ '«'! Ki'-i' II 1-^ UmMV^MralQOP 

OnMd dM WM Qanin* [MhMd« 51 Ipiiwv* LMI 

QaniM 

kUiiHLEi .4-. k ji*i it»*i •I«I«3HLEI 

TI.44 ).« IMLEI 1II'. TI«I4 1C.4; II«I«3HLEI 

<«> >.a IHLEI •) ',it lt<4; 1191«3I 

Qaim* (PM DMIMM 

t.4l iMfl 1-1 

Qaim* H05 SMWW larv b"M*^ HwOMiB 

I IMLEI 1 II- k JI4I lt»4J |I« l«3 HLEI 

I IHLEI 1 •' 1 II«I«3HLEI 

I IMLEI ^ ' I-I '.14 lt'4i II« l«3l 

Upwmd gOPTf)DMiB<aiiiBiiii Ortr 

-ilk T«^, II' 

-ilk 4I 4i.,« II II ["ei® i«3 [•«*«£«« L ;i. (".ii 4! 

i'«i 1^ U'A i«ini II UWMQOPTM 

Ii4 1; 4I 4-^ II ^ [•»!« i«3 C'«4 <c«« LirT.41 4! ^"-i 

DMaMd DM WM Lg^Miind a 51 Stprfan* 

Lipinmd HQS Siaaf« Uarv bnM*^ HB> &••• 

VCLJ ijpMmd Cbvbuia) md M EninM idw DMMd dM «• LipMiii CbvbMd 

M( t W. |1 ;;«3| II 444 * M m 

M) [.11 j;te3i II -II. .FS i M 

M( I,.3413 EJI I I tte4r.ii ;;te3i n 

DLBUp-Tra^med 

DlAb nB(4 MMiw^d m*e* pmididle wnpeMe aidHMied ri 

cnPiwUCLDMblM 

DMaMd ftMM— M«md (Mbu^a 51 Ipiiw** M 

dUCLMUM 

. k M |C«i «.|.l« E 



N.,rT.t«i I [•«« u f N.,rT.t«i i N r. c 

N.,rT.t«i I [•,j|,r. I c.ei« u ^ N.,rT.t«i I [•.ji", i N ,. [«» u 

I "1^ N i.[«eiei 

Ma ifT..|fT. Ctei9 I ' • Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c ' «i'i N i.[«eie 

tW. C.ei«c . •• C'C^i^u 

M«3,v. ["ei® u 1" I 

[•«« u N"l [•«« u 

' • • L •? J« 3 C'«« I i Hi' C • I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 

K«c»> >> " 

bii'«i>^T«,, >>." UWonQOPTM 

Dmm4 DM N«md « 51 Ipiiw ImM 

{KM 9ttmim larv Nwmd CrilM Hspvanvia UCLi 

IW. 1 n.i l«r«3«>3 E» I I IteV. 

[• 1 .C". M(|Ei -I III L 

L .111' -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP TM «) DMMri 

-l-U'A i^u',u MMvOvirpQOPTM 

^ '«'i Ki'-i' UiMpv^Mral QOP 

OnMd dM WM Qanin* CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

kUiiMLEi II -.1 k ji*i it»*i •I«I«3HLEI 

IHLEI ,'•' II«I«3HLEI 

<«> >.a IHLEI ' '1J ',it lt<4; 119 i«3i 

Qaim* (PM MHM 

K4l|Mf| ii4ii1 

Qaim* H05 SMWW larv hipM HWOMM 

MMLEI II4.- k JI4I \t,t: |I« ie3 HLEI 

IIHLEI .'•• iieie3HLEi 

IIMLEI .'I J" '.•> ',it Iti4i "9 ie3i 

Upwind QOPTMwDMMdCbMMinft# 

-ii^ II 

4i 4i.,9 ii"'. ["eie 193 [•«* «ce« L ;i. (f.*! 4! 

'«i 1^ U'A II . 1 UWMQOPTM 

.91; 4I ^'9 II " [•»!« I«3 ['94 <c«a L irT.41 4! 

DMawd DM WM Liipmmd a 51 Stpfan* LM 

Lnpwmd HQS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

k M t W. |1 ;;«3| Ji M III 

C'li ;;te3l 1-4 -F-- 4 " 4-

kM 19.3413 EJI I I tte4r.ii ;;te3i 

DLBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

aipMUCLDwblM 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

dUCLwUM 

. k M |C«i 9'l<l« E 



N.,rT.t«i I [•«« u f N.,rT.t«i i N r. c 

N.,rT.t«i I [•,j|,r. I c.ei« u ^ N.,rT.t«i I [•.ji", i N ,. [«» u 

I ' 1 N i.[«eiei 

Ma ifT..|fT. Ctei9 I + Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c 1."^ «i'i N i.[«eie u 

IW. C.»i«c t-. C'C«i«u 

[•»!« u 1 > C«i«u 

[•«« U 1^1- N"l [•«« U 

' • • L J« 3 C'«« I i 1 ' C' I L J« 3 C "ei« I i 

H«md QOF T«t«) 

K«c»> >> 

bii'«i>^T«,, UWonQOPTM 

Dmm4 DM N«md « 51 Ipiiw ImM 

{KM 9ttmim larv Nwmd CrilM Hspvanvia UCLi 

tw. 1 1- I*r.3*i3 Ell I I ttev. 

[• 1.-4 .C". MdEi -I III L 

•f-- L .11 MdC^i «.|,I«E UII*CI III L 

Qanm* QOP TM «) DMMri 

-C'T«,, MMvOvirpQOPTM 

^ '«'i Ki'-i' "1 ' UiMpv^Mral QOP 

OnMd dM WM Qmm% CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

k U| IMLEI 1 J k ;i4i IC»4; ||« I«3 HLEI 

IHLEI .'I' It®l4iHlti4i II«I«3HLEI 

<«> >.a IHLEI 1 i I-I ',it lt<4; 1191«3I 

Qaim* (PM MHM 

1144. 

Qaim* H05 SMWW larv hipM HWOMM 

MMLEI II 1 • k \t,t: ii« ie3 HLEI 

IIHLEI > 1 Tl«i« ut lC>4; ii« i«3 HLEI 

IIMLEI •" • '.•> ',it Iti4i "9 ie3i 

Upwind QOPTMwDMMdCbMMinft# 

4i 4i.,9 ii'-. ["eie 193 [•«* «ce« L ;i. (f.*! 4! 

'«i 1^ U'A i«in. II 1'. UWMQOPTM 

.91; 4I ^'9 II " [•»!« I«3 ['94 <c«a LC". 

DMawd DM WM Lopwrnd a 51 Stpfan* LM 

Lnpwmd HQS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

M( t W. |1 ;;«3| . 1 • * M III 

M) [.11 ;;te3i II -a -F-- 4 " 4-

M( 19.3413 EJI I I tte4r.ii ;;te3i n i'-

DLBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

aipMUCLDwblM 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

dUCLwUM 

. M( |C«i 9.l'l« E 



N',rT.C«> I C'4« u ' N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u • N.,rT.t«i I [•.ji", i N ,. [«» u 

I 1' N i.[«eiei 

Ma ifT..|fT. Ctei9 I |i Ma ifT..|fT. rj I. [«ei« I 

jiiji. e [<eiai c 11i I • C(ei «i.i fj i. [<eie i j 

IW. C.»i«c 1" ' C'C«i«u 

[•»!« u J > C«i«u 

[•«« U 1 "• N"l [•«« U 

t • • L j« 3 C'«« I i 11- C • I L j« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«c»> -'Ik T«,, 11 .1 

bii'«i>^T«,, ,«.n' >>.J UWonQOPTM 

DMMri DM Heii^«5% Ipiwiiw iMtd 

{KM 9ttmim larv Nwmd CrilM ll«v««n«VN UCLi 

tw. I*r.3*i3 Ell I i ttev. 

[• •• .1 .e-- MdEi -I III L 

-f"- L 1 MdC^i «.i,i«E uii*ci III L 

QaniM QOP TM «) DMMd 

-C'T«,, u«,.,s ii^ii. MMvOvir^QOPTM 

^ '«'! Ki'-i' " UmMV^Mral QOP 

OnMd dM WM Qanm* [MhMd« SI LMI 

QaniM S^nhemDwiedDMa* 

kUilHLEi 1ii.f H«I«3HLEI 

TI.44 ).« IMLEI TI«I4 1C.4; II«I«3HLEI 

r», >.a IHLEI 1- "1 '.•> ',lt lt'4i ||« I«3I 

Qaim* (PM MnM 

t.4l iMfl II . f 

Qaim* ROD SMWW larv b"M*^ HwOMiB 

I IMLEI II • k JI4I \t,t: |I« i«3 HLEI 

I IMLEI I11 ^ It®l4 lt'4i II« l«3 HLEI 

I IMLEI ^ ',it lt<4; 1191«3I 

Upwmd QOflmrnOmimiatm iMiii Ortr 

-ilk T«^, II'Hi 

-ilk 4I 4i.,« II ["ei® I«3 [•«*«£«« L ;i. (".ii 4! 

I'«||^T«,, ,«.ni 11.11' UWMQOPTM 

Ii4 1; 4I 4-^ >>,•' [•»!« i«3 C'«4 <c«« L irT.41 4! ^"-i 

DMaMd DM WM Lg^Miind a 9% Sprfbn* 

Lipinmd HOS 9iaaf« Uarv bnM*^ HB> &••• 

VCLJ Cbvbuia) md M EninM idmt DMMd dM «• LiipMin CbvbMd 

M( t W. |1 ;;«3| 1 " * M III 

M) C.|l j;te3i 1 1141 4" 4-

Ml I,.3413 Ell I I tte4r.ii ;;te3i n 

DLAMidn 

DU2 Hmd DtB Ua-Tra^med 

DlAb nB(4 Manma^d m*a* pmididla •anpaeae eidHMied ri 

HavaaiMi* OfVfaJia) PM UCL SMBIM 

DMBsd DM w«a ̂ aaiiM Hand Onibaida n 9w*m 

• Ml |C«I «.|.I« E 



Hr|rT..,fT. I H,|fT..,fT. N r-C«ei« I 

Ma ifT..|fT. Ctei9 I 1-11 Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c «i'i N i.[«eie u 

tW. C.ei«c • C'C^i^u 

M«3,v. ["ei® u I 

[•«« u 1 N"l [•«« u 

' • • L •? J« 3 C'«« I i 1 ^ C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 
K«c»> >> ^ 

bii'«i>^T«,, >>.J UWonQOPTM 

Dmm4 DM N«md « 51 Ipiiw ImM 

{KM 9ttmim larv Nwmd CrilM Hspvanvia UCLi 

tw. .«! I*r.3*i3 Ell I I ttev. 

[• " . .e-- MliEi -I III L 

L •> •• -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP TM «) DMMri Ciiwi^M 

-C'T«^I MMvOvirpQOPTM 

^ '«'i Ki'-i' UiMpv^Mral QOP 

OnMd dM WM Qanin* CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

kUiiMLEi II "1f k ji*i it»*i •I«I«3HLEI 

IHLEI ''• It®i*initi*i II«I«3HLEI 

<«> >.a IHLEI 111 111 ',it lt<4; 119 i«3i 

Qaim* (PM MHM 

t.4l|Mf| II. -f 

Qaim* H05 SMWW larv hipM HWOMM 

MMLEI II .4 k JI4I \t,t: |I« ie3 HLEI 

IIHLEI II It9i4 Iti4i lie ie3 HLEI 

I IMLEI 1. '1 ',it lt<4; 119 ie3i 

Upwind QOPTMwDMMdCbMMinft# 

i«i^ii 11'.^ 

4i 4i.,e II II ["eie ie3 [•«* «ce« L ;i. (f.*! 4! 

lei 1^ U'A i«in. II 1' UWMQOPTM 

.91; 4I ^'9 II ^ [•»!« ie3 ['94 <cea LirT.41 4! 

DMawd DM WM Liipmmd a 51 Stpfan* LM 

Lnpwmd HQS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

k M t W. |1 ;;«3| . iif * M III 

C'li ;;te3l 11. -F-- 4 " 4-

kM 19.3413 EJI I I tte4r.ii ;;te3i n --

DLBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

aipMUCLDwblM 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

dUCLwUM 

. k M iC«i 9'iiie E 



N.,rT.t«i I [•«« u • N.,rT.t«i i N r. c 

N.,rT.t«i I [•,j|,r. I c.ei« u - N.,rT.t«i I [•.ji", i N ,. [«» u 

I . N i.[«eiei 

Ma ifT..|fT. Ctei9 I 14 Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c 1" .. «i'i N i.[«eie u 

IW. C.»i«c ' • C'C«i«u 

[•»!« u ' > C«i«u 

[•«« U 1.11 N"l [•«« U 

11«««| • • L J« 3 C'«« I i .1^1 C' I L J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«c»> -'Ik T«,, «^i«V«ffeQOPT«t 

bii'«i>^T«,, ,«.n' UWonQOPTM 

DMM4 DM N«md m 51 Ipiiw ImM 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm Hspvanvia UCLi 

tW. -e i*r.3*i3 Ell I i ttev. 

[• • . .C". MliEi -I III L 

L 11 -fMl iC^i «.|,l« E Uli*CI III L 

Qanm* QOP TM «) DMMri 

-C'T«,, 11-4 1 MMvOvirpQOPTM 

^ '«'! Ki'-i' UiMpv^Mral QOP 

DMaMri^MWvM/Sp.QBniM n»«faJiin«51 Spiiwee Im^ 

teim* MUM «) DMaMri DM ft# 

k UiiHLEi • 1 k \t,t', n« i«3 HLEI 

'».«* IHLEI II«I«3HLEI 

r», >.a IHLEI . '.•> ',lt lt'*i ||« I«3I 

Qaim* (PM MHM 

t.*l iMfl f 1 

Qaim* HOD SMWW larv hipM HWOMM 

MMLEI • -111 k \t,t: ii« i«3 HLEI 

I IHLEI 1... II«I«3HLEI 

I IHLEI II . ',it lt<4; 119 I«3I 

Upwind QOPTMiDMiBiaiiiBiiii ft# 

K«c»i -ilk T«,, II-.' 

t<4C" — ilk I iiii *1 ii'ie II II ["eie le 3 ['«4 N I L jn I ".*1 41 ^ ij 

biii«ii^T«,, ,«.ni II.' UWMQOPTM 

DMM DM WM ̂ #pMnM Lnp—md « 51 Spih«* LM 

Lnpwmd flOS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw md M EninM idwi DMMd dM «• LipMiii CbvbMd 

Ml t W. |1 ;;«3| 1 -f * M III 

Ml C.|l j;te3i 11'" 4" 4-

Ml I,.3413 Ell I I tte4r.ii 

DtBUpTrMvHwd 

DlAb rwn rwMinv^d m*e* pmididle wipeMi widHMied ri 

HvpraMi* PM UCL DWBIM 

DMM MM— M«md (MbM« 51 Ipiiw** M 

. Ml |C«i «.|.l« E 



N',rT.C«> I C'4« u 1 N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u 1 N.,rT.t«i I [•.ji", i N ,. [«» u 

I 1 N i.[«eiei 

jiiji. e[<eiaic «i.i N i.[«eie ij 

tW. C.ei«c .-J. C'C^i^u 

[•»!« u J>"> > C«i«u 

[•«« u N"l [•«« u 

t • • L •? J« 3 C'«« I i -111" C • I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 
K«c»> -'Ik T«,, iij.c 

bii'«i>^T«,, ,«.n' >>JJi UWonQOPTM 

DMMd (>•• Hal Nwmd « SI LMI 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm ll«v««n«VN UCLi 
tW. ieei i*r.3*i3 E" ' i ttev. 

[• cjii .C". MdEi -I III L 

•F s » M III III L J ' -F s » M |C^ «I|,I« E» UII4CI I" L 

QaniM QOP TM «) DiMMd 

-C'T«,, U4,.n' 1 J. MM)-Ovir«QOPT«t 

^ '«'i Ki'-i' UiMpv^MralQOP 

OmmrniDmnm tem« Cbvhari a 5% SprAwm M 

teiiM MiiMatDMMriDMft# 

kUilHLEi II f" H«I«3HLEI 

TI.44 l.« IMLEI ,'• TI«I4 ;i« 1C.4; II«I«3HLEI 

r», >.a IHLEI • I-I ',lt lt'4i ||« I«3I 

Qaim* P^^tavMia (PM MnM 
t.4l iMfl nil „ 

Qaim* HOS SMWW larv b"M*^ HWOOT 

I IMLEI II 1. 1 k JI4I lt»4i (I® l«3 HLEI 

I IHLEI 1.1^1 It®l4iHlt'4i II«I«3HLEI 

I IMLEI ' . n., Ut lt'4i II« l«3l 

UawmdQOflmrnOmimiaimiaiw Ortr 
-ilk T«^i i«'^i' II 

-ilk 4I 4l.,« II •• ["ei® l«3 [•«*«£«« L ;n »rT.4l 41 f". 

|'«| 1^ U'A I«ini II 1' UWanQOPTM 

Ii4 1; 4I 4-^ II.J' [•ei« i«3 C'«4 <c«« L ;n irT.41 41 ^"-i 

Dmmrni DM w«a Lg^Miind a 9% Sprfaam 

Lipinmd HOS Siaafw Uarv bnM*^ Ha> ftMia 

VCLJ la^ Cbvbuia) ari M EainM limt Ommi dai a* Liipam CbvbMd 

M( t W. |1 ;;«3| f . -f * M III 

[ill ;;te3l 1 -F-- 4 " 4-

M( I,.3413 Ell I I tte4n|l ;;te3l II 'i 

DLAMain 

DU2 Hamd DtB Ua-Tra^med 

DlAa na4 raianma^d m*a* pmididle •anpaeae eidHMad ri 

Haaaanei* Pi«* UCL SMBIM 

Ommrni DM w«a La^mmd OfVbMd aSS SpAaaM iMtd 



N',rT.C«> I C'4« u J N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u J N.,rT.t«i I [•.ji", i N ,. [«» u 

I 1' N i.[«eiei 

Ma ifT..|fT. Ctei9 I Ma ifT..|fT. rj I. [«ei« I 

« Ctei9 c * «i'i N i.Ctei« I', 

IW. C.»i«c C'C«i«u 

M«3,v. ["ei® u • I 

[•«« u - N"l [•«« u 

t • • L •? J« 3 C'«« I i 1 • "^ C • I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 0%r 

K«c»> -'Ik T«,, «^i«V«ffeQOPT«t 

bii'«i>^T«,, >>.J UWonQOPTM 

DMM4 DM N«md m 51 Ipiiw La>d 

{KM 9tamim larv Nwmd CrilM Hspvanvia UCLi 

iw. 1 c I«r«3«>3 E» I i Itev. 

[• 4 .C". MdEi -I III L 

L J-'- -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP Tm& «) DMMri OIWI^M 

-C'T«,, 114' MMvOvirpQOPTM 

^ '«'! Ki'-i' UiMpv^MralQOP 

OnMd dM WM Qanin* CbvhMd« 51 LMI 

teim* MUM «) DMaMd DM ft# 

k UiiHLEi 1 f. t it»*j ii« i«3 HLEI 

'».«* IHLEI '-.J II«I«3HLEI 

r», 1.4 IHLEI 111 • '.•> '.14 lt'4i II« l«3l 

Qaim* (PM MHM 

t.*l iMfl II f 

Qaim* H05 SMWW larv hipM HWOMM 

I IMLEI II •. k \t,t', ii« i«3 HLEI 

I IHLEI II«I«3HLEI 

I IMLEI >. ' J ',14 It'*; ii« l«3l 

Upwind QOP TMmDMWd »*>•*• ft# 

-'Ik T«;, ,«';,' II ^4 

-'Ik *1 *I.,« II "4 ["ei® I«3 [•«*«£«« L ;i. (".*1 *1 

'«! i; U'A I«';i' II. ^ UWMQOPTM 

'4 i; *1 4-^ [•»!« i«3 ['«* <c«« L irT.«i «i 

DMawd DM WM Liipmmd a 51 Stpfan* LM 

Lnpwmd flOS Swafm Udrp bnpM Umi &••• 

VCU Upwmd Cbthdw ad M EninM idwi DMMd dM «• Lipamdi CbvbMd 

M( t W. |1 ;;«3| II * M III 

C'il ;;te3l 11^- -F-- 4 " 4-

M( I,.3*13 Ell I I ttev.ii ;;te3i n „ 

DtBUpTrManwd 

DlAb nan rwanma^d mtfad. pmididfa nanpaba* adNMbd ri 

HapaaiMi* PM UCL 5wblb« 

DMawd MM— Mamd (MbMa 51 Ipiinavn M 

dUCLwUM 

-- k L i k M IC^I «.|,l« E 

Warwa:ft*« MM DCL#)r«arfbdnl 



I E I . I [ I E I F I G I H I I I I I 

UrnrndQCflm 

bii'«i U'A UWanQOPTM 

DM H«t nmwdm9% SpAam M 

^%p«nrv Nwmd CbvUgn 

m% Nmd UCL K* UCLJ l« »MM] 

M III L 11 I'I'C I' 1 

QVIMQOPTM 
-C'T«;i L4i>n> Ai*i*>DelEi 6eim« fiOF Tel 

^ '«'i Ki'-i' Wiley6eime 60F Tel 

DM N« QeiiM OfVbMd SyAane Uari 

kUilMLEi II 4" •I«I«3HLEI 

a IHLEI "^'I^' It®i*initi*i II«I«3HLEI 

<«> >.a IHLEI 1 11 ',it III*; 119 i«]i 

HLftW. Iti*j ii9i«]i > •• MLE 3iti*i (le leJi 

Mmsiir^ Qeme CbvbUM 

Ljyemri QOF Tel 
L«ywnnd QOF Tel 

U'A lami 111' UWMUywindQOFTel 

DM Hei Uywmd m 51 Ipiiea— Led 

I L 3 C' 4L4 ' ~ ) I941 • ' ^ C ^1 4 

I L p^3 C^i4 11 ~ C' I I p^3 C^i4 

Weihp liiyeii^ •edhJM 

h III L 1 I 4 "I-- I IH llEl III L 

, |M llEl III L I IH llEl III L 

, IM llEl III L^.^II.J 

HB»BBi>eie OevfaJM Fee UCL SMBIM 

DM * re taAe«4 OieeMe OnihJie f)J5) 

Mayeiew CbvUe Re UCLr 

I ",;K 9.3 .<•?. f.ii 



N',rT.C«> I C'4« u ' N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u - N.,rT.t«i I [•.ji", i N ,. [«» u 

I nil.' N i.[«eiei 

Ma ifT..|fT. Ctei9 I II -1 Ma ifT..|fT. rj I. [«ei« I 

jiiji. e [<eiai c 11 11" C«ei «i.i fj i. [<eie i j 

IW. C.»|« c " . 1 ['[«!« u 

M«3,v. ["ei® u I'll I 

[•«« u .1- N"l [•«« u 

' • • L J« 3 C'«« I i ^. C' I L J« 3 C "ei« I i 

H«md QOF T«t«) 
K«c»i -ilk T«,, II'-. «^i«V«ffeQOPT«t 

biii«ii^T«,, ,«.ni II J UWonQOPTM 

Dmm4 Heii^ «5% SpAan* Uari 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm HsvvanaVN UCLi 
i*r.3*i3 E" I i ttev. 

[• II 1- .C". MdEi -I III L 

L II 1^4 -fM( iC^i «.|,I« E UII*CI III L 

QaniM QOP TM «) DiMMd Ciawi^w 0%i 
-C'T«,, u«,.,s 114' MM)-Ovir«QOPT«t 

^ '«'! Kii'ii II.UiMpv^MralQOP 

DMMd dM WW Qmm% [MhMd« SI l^iwv* LMI 

QaniM S^nhemOwwdDwa* 
kUiiHLEi II-'1 k ji*i it»4i •I«I«3HLEI 

TI.4 4 ).« TI«I4 \t,tc ||« I«3 HLEI 

r», >.a IHLEI -1.' '.•> ',lt Iti4i II« l«3l 

Qaim* (PM MnM 
t.4l|Mf| II.-' 

Qaim* HOS SMWW larv b"M*^ HwOWB 

ilMLEi II' 14 k JI4I \t,t: |I« I«3 HLEI 

I IMLEI II 1^- It®l4iHlti4i II«I«3HLEI 

I IHLEI 1 ',it III*; 1191«3I 

gOPTW)DwiB<aiiiMiii Ortr 
-ilk T«^, 
-ilk 4i 4i.,e II- ["eie ie3 [•«* «cea L ;i. (f.^i 4! 

I'«||^T«,, 11.1- UWwQOPTw 
1.91; 4I 4-^ II [•»!« i«3 ['<4 <c«a L irT.41 4! 

DwaMd DM w** la^mmd m 9% Sprfbn* Lm^d 

Lip—'I'd HOS SMBIOT Udrp bnpMd Hmi &••• 

VCLJ iM^mmd CbvUv) md M Eiiinw idw Ommi daa «• LipMiii CbvbMd 
Ml t W. |1 ;;«3i . .'4 * M m 

l\\ -F-- 4 " 4-

Ml I,.3413 EJI I I tte4r.ii ;;te3i n 

DLBUp-Tre^iwd 

DlAb nB(4 rawniw^d m*e* wi*dle •enpeeere eidHwied ri 

cnPiwUCLSMblM 
DMaMd DM wwW®*"* OnihMdB n iptfi* 

dUCLMUM 
. Ml |C«I «.|.I« E 



N.,rT.t«i I [•«« u N.,rT.t«i i N r. c 

N.,rT.t«i I [•,j|,r. I C.ei« U N.,rT.t«i I [•,j|,r. i N r. [«» u 

I 1 N i.[«eiei 

Ma ifT..|fT. Ctei9 I .ill Ma ifT..|fT. rj I. [«ei« I 

jiiji. e [<eiai c '^<ei «i.i N i. [«eie i j 

IW. C.»|«C I ^ ['[«!« u 

[•»!« u 1 I C«i«u 

[•«« U "1 N"l [•«« U 

' • • L J« 3 C'«« I i . C' I L J« 3 C "ei« I i 

H«md QOF T«t«) 
K«c»i -ilk T«,, ii'M- «^i«V«ffeQOPT«t 

biii«ii^T«,, ,«.ni II." UWonQOPTM 

DMMd Dmrn Hoi Nwmd « SI LMI 

{KM SHtofw larv Nwmd CrilM ll«v««n«VN UCLi 

tw. .-Mi I*r.3*i3 Ell I i ttev. 

[• 4. . .e-- M( lEi -I III L 

* • M III III L i' ̂ -F • H |C^ «n,l« E» UII4C I III L 

QaniM QOP TM «) DiMMd 0%i 

-l-U'A L«iini iliM MM)-Ovir«QOPT«t 

^ '«'i liii'ii II i^i UiMp^MralQOP 

DMMd dM WW Qanin* CbvhMd« SI l^iwv* LMI 

teim* Mum «) QwMd DM ft# 

k Ui IHLEI II -f k J|,I It»*j |I« I«3 HLEI 

TI.44 ).« IMLEI TI«I4 ;i« 1C.4; II«I«3HLEI 

r», >.a IHLEI 1- "i M., ut Iti4i ||« I«3I 

Qaim* (PM Mnm 

t.4l iMfl II i" 

Qaim* HOS SMWW larv hipM HwOMiB 

I IMLEI II i 1i k ;I4I IC»4; ||« l«3 HLEI 

I IHLEI ' 1 1 TI«I4 ;i« 1C.4; II« |«] MLEI 

I IMLEI .1 M., ut Iti4i ||« I«3I 

sCifl 

QOflmrnOmimiaimiaiw ft# 
-ilk T«^i i«.^i. II "i 

-ilk 4I 4i.,« II 1 ["ei® i«3 [•«*«£«« L ;M »rT.4i 41 f". 

'«|>^T«,, ,«.ni 111.C UWwQOPTm 

i4 1; 4I 4-^ [•ei« I«3 C'«4 <c«« L ;M irT.41 41 ^"-i 

DMaMd DM w** la^mmd m 9% Stpr^bn* LM 

Lip—'I'd HOS SMafw Udrp bnM*d Hmi &••• 

VCLJ Cbvbuiv) md M Eilinw idw DMMd dM «• LipMiii CbvbMd 

M( t W. |1 ;;«3| . i M III 

M) [.11 j;te3i 1 iii1 4" 4-

M( i,.34i3 Ell I I tte4M|l ;;te3l n ii 

DUaMwwi 

DU2 Hmd DLB LwTrMvmd 

DlAb nB(4 MMiw^d intfvd. pimdidfw wnpvM* WNMM ri 

(nPiwUCLSMblm 

(>MlidDMWMMm«CbvbMd«St lp«lbn*M 

dUCLMUM 



N',rT.C«> I C'4« u N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u • N.,rT.t«i I [•.ji", i N ,. [«» u 

I N i.[«eiei 

Ma ifT..|fT. Ctei9 I •< Ma ifT..|fT. rj I. [«ei« I 

jiiji. e Ctei9 c ^"1 «i'i N i.[«eie u 

IW. C.»i«c » C'C«i«u 

M«3,v. ["ei® u ^ I 

[•«« u •" N"l [•«« u 

' • • L •? J« 3 C'«« I i ^ ^ " C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 
K«c»> >> J. 

bii'«i>^T«,, UWonQOPTM 

DMMri DM N«mri m 51 Ipiiw Laid 

P^tevMia {KM 9ttmim lanp Nwmd CrilM HapvanVN UCLi 

tw. : -• I*r.3*i3 Ell I I ttev. 

[• : . .e-- MdEi -I III L 

L • -fM( iC^i «.|,I« E UII*CI III L 

Qanm* QOP TM «) DMMri 

-l-U'A i^u',u 1.11. AdMvOvirpQOPTM 

^ '«'i Ki'-i' ' UiMpa^Mral QOP 

OmmrniDmnm tem« CbvbMri a 5« SprAwm M 

teim* MUM «) DMaMri DM ft# 

kUilMLEi 1 "ii4 H«I«3HLEI 

IHLEI .®J1 It®i*initi*i II«I«3HLEI 

<«> >.a IHLEI -ill ',it lt<4; 119 i«3i 

Qaima P^^tavMia (PM SMina* 

(.41 iMfl II -.4 

Qaima HOD SMWW larv b"M*^ HWOMM 

MMLEI 1 II.. k JI4I It»4i ne ie3 HLEI 

IIHLEI .' TI«I4 IC>4; II«I«3HLEI 

<«> <.4 IMLEI 

HLE IW. It.4; II9I«3I 

UpMiid gOPTMa)DMia<aiiiaiiii ft# 

— ilk I iiii 4I 4i.ie II 4. ["eie le 3 ['«4 N I L jn I ".4! 41 ^ >j 

I 1^ U'A I«ini II." UWMQOPTM 

DMMri DM Ha «5S Sa«MM M 

Ijpinmd HOS SiaafOT Uarv hnpa*^ Ha> &••• 

DLBLapTradamd 

DlAb na4 raMiiw^d mdaj pinMidla —wpab— adhMbd ri 

cnPiwUCLSMblM 

DMaMriftMM— M«md(Mbu^a5« Ipiiw**M 

dUCLwUM 
. M( |C«i «.|.l« E 



N',rT.C«> I C'4« u J N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u J N.,rT.t«i I [•.ji", i N ,. [«» u 

I . 1 N i.[«eiei 

Ma ifT..|fT. Ctei9 I ^ Ma ifT..|fT. rj I. [«ei« I 

jiiji. e [<eiai c 1 -411 C(ei «i.i fj i. [<eie i j 

IW. C.»i« c I ' C'C«i«u 

M«3,v. ["ei® u • I 

[•«« u 1 N"l [•«« u 

) <«t4i' ( L 3 C '4« I; . C' I L 3 C •»!« I; 

H«md QOF T«t«) 

K«c»> >> " «^i«V«ffeQOPT«t 

bii'«i>^T«,, UWonQOPTw 

DMM4 DM N«md m 51 Ipiiw ImM 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm Hspvanvia UCLi 

tW. iv.3*i3 Ell I I ttev. 

[• .1 . -- MIlEi -I III L 

L rj -fM( iC^i «.i,l« E uii*ci III L 

QaniM QOP TM «) DMMd 0%i 

-C'T«,, u«,.,s II.J MMvOvirpQOPTM 

^ '«'i Ki'-i' UiMpv^Mral QOP 

OnMd dM WM Qanin* [MhMd« 51 Ipiiwv* LMI 

QaniM 

kUilMLEi ii".. H«I«3HLEI 

IHLEI ^ It®i*initi*i II«I«3HLEI 

r», >.a IHLEI ^ . '.•> ',lt lti*i ||« I«3I 

Qaim* (PM DMIMM 

>.t\ iMfl II 1-

Qaim* H05 SMWW larv b"M*^ HwOMiB 

ilMLEi II k J|,I \t,t: |I« I«3 HLEI 

IIHLEI i-, Tl«i« ic.«; II«I«3HLEI 

IIMLEI • 'II. '.•> ',it lti*i ii« i«3l 

Upwmd gOPTf)DMiB<aiiiBiiii Ortr 

i«i^ii 11'^ 

*1 4i'i« II'i ["ei® i«3 [•«*«£«« L ;i. (f.*! 41 

I'«||^T«,, UWMQOPTM 

1.4 i; 4i 4-^ [•»!« I«3 C'«4 <c«« L C". 

DMaMd DM WM Lg^Miind a 51 Stprfan* 

Lipinmd HQS Siaaf« Uarv hnpa*^ HB> &••• 

VCLJ Cbvbuia) md M EninM idw DMMd dM «• LipMiii CbvbMd 

M( t W. |1 ;;«3i II 44 * M m 

[•!! ;;te3l 1 .' -F-- 4 " 4-

M( I,.3413 EJI I I tte4r.ii ;;te3i lun 

DUBUp-Tra^med 

DlAb nK4 Manma^d m*a* pmididla •anpaeae eidHMied ri 

mPiwUCLDMBlM 

DMa^ ftMM— Mamd (Mbu^a 51 Ipiivav* M 

dUCLwUM 

r J M( ic^i «.i,i« E 

Warwa: ̂  « MM DC LA) r« arfddil 



N',rT.C«> I C'4« u N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u 1" N.,rT.t«i I [•.ji", i N ,. [«» u 

I ^ N i.[«eiei 

Ma ifT..|fT. Ctei9 I • 111 Ma ifT..|fT. rj I. [«ei« I 

« Ctei9 c >.ii1' ^«i «!'! N i.Ctei« 

IW. C.»i« c 1. i ['[«!« u 

M«3,v. ["ei® u ^ I 

[•«« u . - N"l [•«« u 

) <«t4i' ( L 3 C '4« I; ' C' I L 3 C •»!« I; 

H«md QOF T«t«) 
K«c»i -ilk T«,, iic - «^i«V«ffeQOPT«t 

biii«ii^T«,, ,«.ni II J- UWonQOPTM 

DMMd Dmrn Hoi Nwmd « SI LMI 

{KM SHtofw larv Nwmd CrilM ll«v««n«VN UCLi 
iw. || .. I«r«3«i3 Ell I i Itev. 

[• 11-- .e-- MliEi -I III L 

L 1. • -fMl iC^i «.|,I« E UII*CI III L 

QaniM QOP TM «) DiMMri Ciiwi^w ft# 
-l-U'A L«iini i.iiJ MM)-Ovir«QOPT«t 

^ '«'! Kii'ii " " UiMpv^Mral QOP 

OmmrniDmnm tem« Cbvhari a 5% SprAwm M 

teiiM S^ahemDwie^Dwft# 
kUiiHLEi 1 liij k ;i4i ICM; II«I«3HLEI 

TI.44 ).« IMLEI 11' TI«I4 1C.4; II«I«3HLEI 

<«> >.a IHLEI - " ',it III*; 119 i«3i 

Qaim* P^^tavMia (PM MnM 
1.4l|Mf| ii4-f 

Qaim* HOS SMWW larv HWOOT 

MMLEI II k ;i4i \t>»: ||« i«3 HLEI 

I IHLEI 1 . ̂ Il®l4 Iti4i II« l«3 HLEI 

I IMLEI .'I 1' '.•> ',it Iti4i ||« I«3I 

Uawmd gOPTf)Dwia<aiiiaiiii ft# 
-ilk T«^, ft^nVvffeQOPTvt 
— ilk I iiii 4I 4l'i« II i. ["ei® !«3 ['«4 N I L jn I ".*1 41 ^ 1J 

I U'A i«ini IIUWanQOPTM 

DiMMri DM Ha aSS M 

Lipinmd HQS 9iaaf« Uarv bnM*^ HB> &••• 

DUBUa-Tra^med 

DlAb na4 raianma^d mtfad. pnniMfa •anpa*'* «idN»vM ri 

cnPiwUCLSMblM 
DM * M taAM4 OIMTMI OnibJia) a Sft lyihaai LMI 

dUCLwUM 



N',rT.C«> I C'4« u M N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I C.ei« U 1-3 N.,rT.t«i I [-.Ji". i N r. [«» u 

I 1 N i.[«eiei 

41141. « [(giai c 3 1E - • «i.i N I. [«eie IJ 

tW. 1^19 c » •' C'C^i^u 

M«3,v. ["ei® u 1^11 I 

[•«« u 1 N"l [•«« u 

11«««| • • L •? J« 3 C'«« I i •' C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 

K«c»> -'Ik T«,, 11' 

bii'«i>^T«,, ,«.n' >>3>>^ UWonQOPTM 

DMMd (>•• Hal Nwmd « SI LMI 

{KM 9ttmimlarvNwmd CrilMWiAmwd^tm ll«v««n«VN UCLi 

tW. .» 4 • 1V.3413 Ell I i ttev-

[• ej.-e .C". M( lEi -I III L 

•F s » M III III L 3'114 -F s » M |C^ «I|,I« E» UII4CI I" L 

Qanm* QOP TM «) DiMMri Ciiwi^w 

-l-U'A i^u',u II'' MM)-Ovir«QOPT«t 

^ '«'i Ki'-i' ".11 UiMpv^MralQOP 

DMMri^MWvM/Sp.QaniM n»«faJiin«Sl Syiiwee Im^ 

teim* MUM «) DMMri DM ft# 

k Ui 1 k ;I4I IC»4; ||« I«3 HLEI 

IK«4 Ka IMLEI 14^114. Itei4 ',lt lt'4i II« l«3 HLEI 

<«> i-a IMLEI 3 . r.., ;ia it.4; 119 i«3i 

Qaim* (PM MHM 

t.4l|Mf| II."4 

Qaim* HOS SMWW larv hipM HWOMM 

I IMLEI II r- k JI4I lt»4J |I« l«3 HLEI 

I IMLEI 1'J3 " Itei4 ',lt lt'4i ||« l«3 HLEI 

I IMLEI • • ',it lt'4i ||« I«3I 

sCifl 

Upwmd gOPTf)DMiB<aiiiMiii ft# 

-ilk T«^i la.^i' II ^ 

-ilk 4I 4i.,« II "4 ["ei® i«3 [•«*«£«« L ;i. (f-ii 41 

'«! 1^ U'A i«ini II 1 . UWMQOPTM 

'4 1; 4I II. ~ [•ei« i«3 C'«4 <c«« L irT.41 41 

Ommrni DM w** la^mmd m 9% Sprfbn* LM 

Lsyemid HQS SMafw Udrv bnpM Umi &••• 

VCLJ ijpMmd Cbvbuiv) md M EninM idw DMMd dM «• LiipMin CbvbMd 

M( t W. |1 ;;«3| " f M III 

M) C-il j;te3i . 4" 4-

M( ia.3413 Ell I I tte4r.ii ;;te3i 1 

DUaMwwi 

DU2 Hmd DLB U^TrMvmd 

DlAb nB(4 MMiw^d m*e* pmididle wnpeMe widHMied ri 

OfVfaJiin PM UCL SMBIM 

•d DM ^MIAM (MbMd« SI ipdRvM* LM 



N',rT.C«> I C'4« u .•> N.,rT.C«> i N C.»i« c 

N.,rT.t«i I [•,j|,r. I c.ei« u 1- N.,rT.t«i I [•.ji", i N ,. [«» u 

I ' " N i.[«eiei 

jiiji. e Ctei9 c ' 1" E- «i'i N i.[«eie 

tW. 1^19 c M " C'C^i^u 

M«3,v. ["ei® u '-ii"! I 

[•«« u . . N"l [•«« u 

' • • L •? J« 3 C'«« I i "^1 C' I L •? J« 3 C "ei« I i 

H«md QOF T«t«) 
K«c»> «^i«V«ffeQOPT«t 

bii'«i>^T«,, ,«.n. >> 1' UWonQOPTM 

DMMd Dmrn Hoi Nwmd « SI LMI 

{KM 9ttmim larv Nwmd CrilM ll«v««n«VN UCLi 

tw. 1 II-. I*r.3*i3 Ell I I ttev. 

[• .14111 .C". MliEi -I III L 

•F • H III III L .11 J -F • H |C^ «H,I« E» UII4CI III L 

Qanm* QOP TM «) DiMMri Ciiwi^w 

-C'T«,, u«,.ni MM)-Ovir«QOPT«t 

^ '«'i Ki'-i' "UiMpv^Mral QOP 

DMMd dM WW Qanin* CbvhMd« SI l^iwv* LMI 

teim* Mum «) QwMd DM ft# 

kUilMLEi II-.. H«I«3HLEI 

TI.44 ).« IMLEI 1' " TI«I4 ;i« 1C.4; II«I«3HLEI 

'«>)'« IHLEI J ' ',it III*; 119 i«3i 

Qaim* (PM Mnm 

1.4l|Mf| II -

Qaim* HOS SMWW larv hipM HwOMiB 

I IMLEI II if k JI4I \t,t: |I« i«3 HLEI 

IIHLEI ~ i TI«I4 ut IC>4; ||« I«3 HLEI 

I IHLEI . '.•> ',it Iti4i ||« I«3I 

60PT«mDw*dCfcw>e*eft# 
i«i^ii >1"^ 

4I 4i.,« II "iif C«ei« i«3 [•«* «£«« L ;i. (f.*! 41 

>«| 1^ U'A i«ini II 11 UWwQOPTm 

.41; 4I 4-^ >>1' [•»!« i«3 C'«4 <c«« L irT.41 4! 

DMaMd DM w** la^mmd m 9% Stpr^bn* LM 

Lip—'I'd HOS SMafw Udrp bnM*d Hmi &••• 

VCLJ Cbvbuiv) md M Eilinw idw DMMd dM «• LipMiii CbvbMd 

Ml t W. |1 ;;«3| -f * M III 

Ml [.11 ;;te3i 1 -1- f"' 4" 4-

Ml I,.3413 Ell I I tte4r.ii ;;te3i n 

DUaMwwi 

DU2 Hmd DLB LwTrMvmd 

DlAb nB(4 MMiw^d intfvd. pimdidfw wnpvM* WNMM ri 

(nPiwUCLSMblm 

(>MlidDMWMMm«CbvbMd«St lp«lbn*M 

dUCLMUM 



APPENDIX B-7 
FISH TISSUE - ALL SPECIES 



AppMidix B-" 
Prol'C'L Outpul - Fish Tissiif - .All Spfcks 

Sniokrv Mounlaln Snidlrrs 
KnoxvilJr. TMinfssff 

Gannl UCL SldMia for Mo Solo with Noi-Modi 
Llov SolododOpiionf 

From Filo -tJI (-

Fijll FrO'Ii lOri OFF 

Gtn«rei Stdiilicii 
tlijmt'Or 01 C'Oi-fOi-f'lC' 

tJiirnt.or tlori-C'Oi'fO C' 

F Oi'IOiii I lOii-C'Oi'f 

I ['OI-fOI-T'l 

1 [loiOOO'l 

f lirnriiijrii I J.^ri-Qioi0 

t 1-5.imijm tlori-C'Oi'f 

l09im\Morm9^ SMslio 
t lim ,[.01-

f l^.im.jm C'OIT.IIT.) 

:[. ,:^ [.0100 0.) 

f lirnrii.jrii I I.:.ri-[.oiO'll 

t iori-[.oiO.:i f 15. 

II'IIO C'HJO t.O O m.jliil.loC'L • 1.1 0 .:i M U loit.O.li rO'I 

For -tJI n.0it..>1 lO'.IOl'ini [.L'. \ noit.O'l I 

Of. or HJiOr. < Lfy.lO 1 llC' f^O irOOiO'l fs llC' r,.)lo C'L tJor.-C'OiO.:i F Or.: Or.i 10 

Ihn vi<n^5DMd«d>Mu«m4iiidM 
Ndc It ihould bm notad thA MT becMep ba p«fcrn«d at thii dAo Mt 

lha rMuMn9 cdcuUiona net ba ralltf a to dw ccnduilona 

It li raconrntfldid to hM 10-1 ^ or ma% didind obaarvdiaia for oeeunda end maenln^ful rawKa 

UCL 9bdlil)o 
Normei DidribuUon Tad with Datadad Veiuaa Only 

Ih-ti^iiro --il^ To I jUJi 1|.: 

c. Ihoi.iro --il^ '! riii.:-tJ "tJ.JO 

Dda e^paer Nvmal d Signiflcanca LMI 

Logiormei Dldributiai Taat with Ddadad Veiuaa Only 
Ih-ti^iiro --il^ To I jUJi ii.: 

c. Ihoi.iro --il^ '! riii.:-tJ "tJ.JO 

Dda oppaar Lo^iamei d S\ Sgnifleenoa LMI 

Anumlng Nonnd Df^lbutlon 
C'L: , t loit.o.) 

t loor. 

Aaajmlng Lo^icrmal Ditributlon 
C'L : f loit.o.) 

t loor. 
:C' 

-it ILEI t loit.o.) 

t lOOr. 

•fF tlLEiii 

t ILE iTihji 

Lo.) P'j: t loit.o.) 

t lOfy. ir. L.:..,) I.IfJO 

;C' ir. L.:..; ;.:^Jo 

t lo-tij. ir. '!'ri.)iri-tJ Ir-tJo 

; C' ir. .!.rii)iriOl I .I^JO 

•fC, iii,;|_ 

For.ior.iilo E'.:..:ii "ir-ti^. i.i.i L 

•fC, _ E,O,:H 1.1.; L 

•fC, HI.I.:L 

I iiFl 

II .FJ 

Gornna Diafrlbutlon Tad wHh Datadad Vduaa Only Dda Diafrlbutlon Tad wHh Ddadad Vduai Only 
Dda ̂ pav Ncrmal d Signiflcvca LMI 

-C'To I juji ii.: 

c. —C":riii.:-tJ -tJ.jO 

t •: To 1 juji ii.: 

c. fj.jo 

Dda e^paer Gemma DIdributad d 5H Signiflcenca LMI 

Anumlng Gamma Dertributlcn 
.jori.ri.O F'i'; jUJi 1|.: .J ir..) E'lr-tii.01-^90.)C'19 0 

t lOOr. 

t 10.)i'?y. 

Ncnpran^lc 9ldldla 

Tt,- 1-ty 

I I.J i-tu 

-i.l.'it.i. 

0 -vtior, r, ) s Jill 

ij 0 -tior. r, < Jill 

t -M.I-tU.-t loior iM (i t loit..:..) 

t lOOr. 

•til :L 
•iF 111 in 1.1.;L 

•lF t f 1 llfglkW.llOl i.i'iL 

•jc, t , 1 it.o.iH ir^^.h IJ.; L 

•iF t t 1 lEn-i i.i'iL 

t t 1 iF or.IOr.iilO ir-ti^.i iJ.; L 

•jc, M1i.:t,otr ti^'ii.i'iL 

•j-c, M1i.:t,otr ti^'ii.i'iL 

M1i.:t,0tr ti^'ll.l'iL 

PdWTtId UQ.etoUaa 
M 111 11.1.; L 

t t 1 iF or.IOr.iilO ir-ti^.i iJ.; L 

Nota: DU2 li nd a racommandad mdhod. 
Nctcc Suggadlona ragvdlng ttia aaladlai d a 96H UCL «a prcMdad to hdp tha uav to adad tha mod ̂ p^da 99% UCL 
Thaaa ractvnmwiddlona va baaad upon tha rnuKa of tha amuldlon dudaa lummvizad In Singh. Mddila vd Laa (Z0D6). 

For eddtlond Inaght ttia uaer m^ wait to conault a ddididen. 



Mtraity 

AppMidix B-" 

Prol'C'L Outpul - Fish Tissiif - .All Spfcks 

Sniokrv Mounlaln Snidlrrs 

KnoxvilJr. TMinfssff 

Gmvri SiMiflio 

tl'jriil-r •:< ['•fi'fO'f'lC' 

F .fi'Iifiii I 

f lirnriiijrii t .f 

n-5. ,n,.in,rJor. 

Lo94mdonn*d SMitbc* 

t iiiii . C'ri-

f iiiiiiiiijiii t 

I 1-3, 

I C'3J3 1,3 • 

F,:,I 3JI 

•irC'L -1,1 3 •:< 1111 13,: 

,1 H 1 [IL: 3a„l Fv: I 1 

I tJC' 3(3 1:3313,1 3 rjc, r„|l3 Cl Il,:,r,-C'3i3,:i F3r,:3r,i3l3 

\Atonin9 IhvanailySDMclidValuninttiiidtt 

Noia: It ihould ba nttadth* Kan «10U^ UiUWy mvbapatfonnad (n thit iMaM 

ttiarMMng caiaiUlont not ba rillaUa tnai^ to daw eaiduiiona 

It li ramnmaidad to ha^ 10-15 or mda diaind oboats^cni lor amttda aid maailnghl rawKa 

Notmai Diaribubon Taot with Ddadad Vduaa Only Logioimd DlaribubaiTaotiMth MadodVauaaOnly 

F ;t,3|„r,:, --ill '! r,i,,:3J 3J||3 

Ddosfpaa NamaldSM SignlflcaicaLMi 

F ;t,3|„r,:, --ill '! r,i,,:3J 3J||3 

Dda flfpaor Lo9iama d SX SgnlfleaneB LMI 

Aiaumlng Nama DAIbutlon 

Ci: 113I|„:„| 

r 1331, 

:C' 

Aaajmlng Logidmal Qaiibutlai 

Ci: 113I|„:„| 

r 1331, 

:C' 

I I3,iri,nr,, Ll^ 3lil„:":"I E i,r,,3)3il ILEi I I31I 

MLE mdhed failad to eoiMrga pnpady 113 

L'l-iF,;,: ii3ii„:"i 

L,:-,! :,:3J3 

L,:-,! :,:3J3 

iii,3J ;,:3J3 

111,31 ; ,:3J3 

•iF 11,1,; L 

F3r,:3l,l,l3 

•iF - E„:" 

Gomno Di Albutlon Tia wlbi DaladadVduatOnly Ddo DIAIbutlon Taa wlbi DaadadVduai Only 

Ua^paa hkrinalaSX Sj^iHIcaicaLMl 

NcnpaanAlc 9aiala 

=•• !•: ':riii,:3l 3Jn3 

Ddo Bfpaa Qanmo Dlaributod d SX Signlflcaica LMI 

Anuming Gamma Datiibutlcn 

1,3 F,;, : :i3)i 'i,: n ir„l E,ir3<":,l' 

r 1331, 

I 13,13, 

Tl,- 13 

n,j 13 

1,0,1. 

Nola: DL/2 li nd a racammandad mdhod. 

I 3|,l3,-l 13,31 it I I, I 131I„:"I 

11331, 

•11, 

•iF H1,;,I,I,:L 

•iF H 1 ,|3:Ol„l3, I.I'IL 

•iF Y11 11-^,1,1.!,; L 

•iF n 1 ,E,,>, 

•iF f r 1 ,F 3i,:3i,i,i3 113,,L 

•iF ni,,:i,3i, 

•re. ni,,:i,3i, 1,31 I.I': L 

•I'l ni,,:i,3i, I,3II.|':L 

Pdaitld Ua.atolJaa 

•r. ni,i,i.i,:L 

•r. f 11 ,F 31,:31,1,13 E',:,,:,! 113,, i.i'! L 

Ndc Suggaaloni rapadlng Via idadlcn d a 9SX UCL aa prOMdad to hdp tha gaa to adad tha moa ^ifitpnda 15% UCL 

Thaaaraoinmafiddlona aabeaad upon tha raauRadtha amuldloi dudai aimmeniadln Singh. Madila end Laa (2005). 

Foraddtlond InaghL tha uaa m^araittoconeuRaadlaidai. 



AppMidix B-" 
Prol'C'L Outpul - Fish Tissiif - .All Spfcks 

Sniokrv Mounlaln Snidlrrs 
KnoxvilJr. TMinfssff 

Gmvri SiMiflio 
riijn.l~r •:< -Ni.lvl. 

t II . 

:[. III 

I III Eii'i'i '11 f IIII 

; _ J 

LooHmdOnnad SMilia 
f lirnriiijrii >:>l L 

MMTt Ua MWca 
Ntrmei Diitributiai Tsit 

--ilk T~ I jl9i '!•: I 

--ilk niiC-tJ -tJijT I 

Dda not Normd d S% Si^tficanci Lavd 

Lo^vmal Dftributica Tad 
--ilk T~ I jl9i ii'I II • 

--ilk niiC-tJ -tJijT III 

Dda affMT Lo^iamd d S\ S^ntficanca LMI 

Anuming Nonnd Df^ibution 

UCLa ^dad for Skaanaai) 
-ih<) LT i.i'iL I'! ti-ffi-l' 

•)C t 1.:M^lllT•^l i.i'iL I lOtiri ori-1 • 

Aaajming Lo^icrmal Ditribution 
•)C h+ij,;L II . 

' ti-T' it 1 IJEI i.i'iL II J 

\,r it 1 'JEi i.i'iL II J'l. 

' ti^* it 1 IJEI i.i'iL II t'lij 

Qvnma Diaribuiion Taat 

j-ty II iiJi... 

11LE t irfyi II .11" 

t ILE 'in j-tyi'br') i19iOri 111.. 

r,ij -i-ty I f.ii .. 

-NIIU -i-f') L-? -fl 01 Ii'liiiii'I-tyi'IO II II. 'I 

li.) i; 1,1 ;ijij-tiro -tJu-f 11'' '• 

-fiilor Oii-Cbiliii'l To ' jl9Mi': II ..1 J 

-J,,lor Oii-C"tyliii') Oiii'bl -tJuO II "'1 

k ijlrii.:.. - *riiirri.:r Oiii'I-tJ OIIJO H.J'' 

Mafdlow^^. Gsnma DWribullai dS^SignltlcsicaLMl 

Anuming Gmtna DMribullen 
•If. 'jfanrii? I.I'IL ii.i --li-ri ri > • 

•I''. -I|ij f.f'1'jfanrii? i.i'lL ii.i --li-ri ri < •••" 

ManAlbullon 
Dda Fdio*QanmaDldribullai dSXSIgnlfleancBLMi 

NtnpnmAlc 9dldla 
•I'. .:LTI,I. 

•|C. E'OOI 1.1'! 

•ic. Hfjr E'OOi !,-!<• 1.1'! 

•I''. £•'! - !,-!<• i.''! 
•|C. i; Nil, I,.,. It :,|i l.li; 

•i-I,.,. It li.,, :,|i i.ii; 

•ft i; I,it, I,.,. It:,|i i.ii; 

PcMtdd UCLto Uia 

Ulc Suggadloni ra^rilng Via •dadloi daSSXUCL arapriMdtdtDhdpthautarto tdadtha mod ^gn^daSSX UCL 
ThaMraccmmanddlai* vabaiadupai thareauKiolViadmuUlon iludaaaummanzadh Sln^ Singh, aid lad (2flDQ 

aidSindi aidSindi (20S3). Foradiliond Inaght thauivrnvwaitttMnNKaiMilidai. 
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SOIL GAS 



I ' I 

Appc^ndb: B-S 
ProUCL <:>urpui SoU <Ja$ 
Smokp) Mouniain Smdic^rs 

Kn ax>ilJ e. T am essee 

C«I 9.1 rj Ctei9 I 

['[•»!« I 

[•»!« I 

k«> ; Cteia! I 

Wwilld QCf 0— ft# 
taMV«dOPTM 

UW«* GdPTw 
C •»! 9 19] C ^ 4 4C C« « N I rr. ^ «i ^ S ,• 

.UmmJ'dnagiL^iM*! 

r AflifliM latv Mcmd Ciiftd VyiMdri^w Hovaawb UCLi 

teim* OCT T«B «) DiMMri ̂ Min ̂  
-C'T«| ,40;i< COP 

» T«i i4i<;i< 1 Piiimpp» liiiirfOCf 
'--f. 4I 4l'>« " : C'4« l«] ]«4 4CC»4> 'j«T.rT.4 Cl;0<C'l«] « 

k >.4 IMLEI 4 f 

Tt®l4t«4l IHLEI ' ... 

IMLEi 1 r i 

k JL4I lt.4i ||« leJ HLEI> 

».«4 il4i lt»« "• l«3 HLEr • 1" 

<.-,U4 lt.4i (i^l^Jl! -1 -. 

MLE t HLE 3 lt.4i "• I«3I. 11 ' 

k KA iMfl . A4 . 

tevMflOSkabiMi^bivMd jtoPM 

jCij rr.^l. I 4-t: l'"U4<«]E' 

k t.« IMLEI 

Tlei4Ui iHLfi 

IMLEI 

OOF TM «I ^ 

.Ik 4 4-M> " f C'4«I«]C^I44 

»i«3 HLEI; 

« I«3 HLEI' 

ttiob.VAdOPW 
££•41 Lj. •".4! 4 

UWM GOPTM 

. E' -E . ui>< 

H ill L iL ; t 

UCbiari Liyiy Cbshimad WEnmmteDaMd^aaavLflO*" 

MVc.nVjfejr ^ MA 
I4<«]A]EII I Mte«'ii ?;•]! M 11J 

DLiSI 
DlflUt-Trsyemei 

fiPiwUCLMrfn 
d CbBh^aSt 
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11-

11 
tei 1 i.l^e di re ^ N./T.tei 1 [•.". 1 di Fe> 14 

l.'l 

1 1 

fj./T.c ei 1 fj t. Ceie 1 1 

H,Ceie t 1 N i-C«9e 6 f 

,, H,,fT..xT. [•«« t Ma ifT..xT. ri t. Ceie e " ii 1 

tei «•! N t. Ceie 1''"-

, C tted.C'eeu [. Uiei. 14 44 

itel4.Ceieu .d 1 Ceei. II 

Ceie 1 i 1 1^^ "-,1 

.,L., C' 1 L ] Cee 1. 11 14 

I.'-

GOF TM «i Di^ 

1 1 -iiHe. 

*.*£» -~-ii£ 1 iiji d d'e 11 >.' Ceie le] 4 4££ed N irr. d 41 ' ';<!• d. « Leel 

l,d i; T«| ,40.1 II I'd IMdm 60PTM 
<«• 1; 1 1 <!< d 4i'e 11 Ceie le] 4 4££ed N irr.d 41 ^ d. e Leei 

1 t 

DiMMd HamdaSl IpWiai iMm 

tW. ie d id.l4i] Eii 1 1 tW.; Ii' 

[• 1 -F 'f s k M lE 1 -1 III L> .11 

L .111 .F s k M iCei e.jile E» l.i4£l m L' .1 .' 

'^s M1I.-I III L .'1 ' .F s k M E . lio« 1 III L; .1 . 

IJ. 
'IIS MileU.l.e MIL .- '-.kMiieU.i.e MIL: ." "V 

u 

GflnM GQF TM «i ^w«i« 

1 V -C'T«| ,40.1 11."^ Mtfrnt-MrgSOFTrt 
d 4i'e ii'.d C'de !«] ]d4 4£C«d 1jdT.rT.4CMO1C.1e] d rj.iii 4r«eLe^ 

14 » T«i ,4i<.< II 1" K^M9#i4GiiinrfCCf 

14' 

1^11 

1^1 

D 

4I 4i'ie II.' [•«« leJ 3d4 4£C«M 

• Wii ^irmCkA^iiiu9%94immm M 

M.d IMLEI 4 AJ ' k ;L4I lt'4; lie !«] 1<LEI> Id 

Ttei4iei IHLEI • if ' '1.94 .41 lt»« lie le] HLEI' 1 . 

1„ i.',t.d IMLEI III" r..,.dlt.4i neieJi: ^d 

l^r 
MLE t W.it»4^ .• HLE ]lti4i lie leJu 1^4' 

(KM 
k t.d iMfl 1 .11' r..,UilkMi: F . 

1'<i -<C. -d^iK. , de 4i.e^ .11 1 -44 -.JreieJi t., .j.-4ie 4i.,e^ ." LI> f 4^ 

1-1 
'Cs ij^rT.rr. ,1 m n L >'l>\ .1 'fS ij^rr.rr 4-.l.,.e] Ml III Li.ee Mer.r. L. ?' 

I'd 

Th- nmn 
41' d rT..il.£<e C'U 

1-f F ',^•^1..', ijto rr.ei. .,d]"<de] d'e; 1 1 U 4',] E ' i 

I-;-

F , ^n.n.t l;OiCoi«] 

:::: r H'T"^ 
[• ie 1 1 , Id 

k t.d IHLEI >> S , k JL4I lt'4i lie le] HLEI' II .d 

Ttei4iei IHLEI 4- '. 't.94 .41 lt»« lie le] HLEC '' * 

I.',t.d IHLEI 11 ll' r..,.dlt.4i neieJl, 111 '1 

MLE 1 W.it»4^ 11- HLE ] lt'4i lie ie]i> : 'd 

,T eJi.,.e]Leei • .7..1. v, e lO 

1"V -<C» .rT.,«M., J de 4i.ei1ii '1 1 4 ^1- -.JreieJi t.' .j.-4ie ek^eim '1 ki: 4 .1 

1-
'^M.f.rr.WCi »^.il .' 4 d'.f'.e-.I.eieJiii L keeMe^r. f|i|, HA 

Gtf W «. d4l 
1 ll -.Ik le. Idi.i II -d-

1 1 *.*£» -,ik d d'e II .' C'deie]C^i4d £9 41 Lj. (".41 d •J.'l. 4r,eLe <d 

, i,d 1; T«| ,40.1 II 1^ Llh^ ̂ PTM 
,e>i; d 4i'e 11."^ C'deie]C^i4d £9 41 Lj. (".41 d •J.'l. 4r,eLe <d 

1 d 

1 t Uywrnd H09 %amim IMv hvMri HVI-OMM 
e4r.„. ij.jr^i . 4ie 14 tted.'F.L; de> . , 

1 1 .4ie 11 [•'. L; de> II 

'^S 1 III L\4',',T.^ <. "•dir. 1 to 34i4f 1' d 'Cs te, «,„I«E . end III L; 1' 

1 dl El -E . i.i« III L .1 S '^S E . MOd 1 III .11-

1 -1 
H III L IL ; ti.i 1 .d i| 

1 i. 

1 -1 uriiiBniniiBiiiiri«inBi><m'-' • 
1 M MMte,.|l ,;;«3i . U 'Cs hi III LIMI L3I> .1 ' 

1 r 
Ml [.11 .;;e3i n "• d H d.^eiMi L;i; . ."1 

1 + Ml ,«,«]« ]E 1 • tte,.|l 3;«3i II 1 4 

1 d- djaton^ DLAL^TrWviW 

III e4r.„. Ij.jr^l . 4ie 44 tted.'F.L; de, . 4 ' 

111 [•.r.Mi.pFei .4ie im- [•'. L; de> 1^.1. 

,1 'Cs 1 III L -;.XT.« r, irT.d.l.l 1 " .Fs hi L4I III L' lif . 

CUBM 

- nm^mnrnm (Whin hm UCL WrfM 
uy 

h^M^UCLaUM 

i± 
.F S k M 1C91 9.1,l« E» I.I4£I III L' .1 .' 

T: N i« 'ipp^n le i«^i ]"'P lie ;«'« n i' I « s i n L 4i« £ i • ]«] i l'«l£ I'e 'e«i i del J.efT. . 4££» £i.4ie .F-- m L 

, Ce n.rr.er,]*. ,e 4ieC ««].>£. . ]d4..>e ]4L4 l.nCoh r. 4 

1 
Ite^eie n.n.^oW *< t4^e3.,£. r.it.eie.Jc nte ."..,140 r...,l« .x'.f'.4i..- 3„. „.,. M, He d.JL^ei.'iiH 

~ I> 1 <9 4II t«d - ll] ]d4 M 4]li' I'd "..;1| it .,.9"., ^-4.., ...i,4.40."4r. 
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Hi'i""!"'["ei® t 1" Hi'i""!"'N i-C»9« 6 

M«.rT..p. C'4« t 1 l> M«.rT..p. N r. [•»!« t 

«<«'«[ •ei9i; 1 'I' 4'I N I. Ctei9 I 

[•»!« I 

k«> ; Cteia! I 

GOF TM «I Di^ 

C •»! 9 I«] C ^ 4 4C C« « N I rr. ^ «i ^ S ,• 

UWn 60PTM 

DiMMd HamdaSl IpWiai iM^d 

-fM( lE I 

~ » M |C«I 9.|,l« E» nil 

•F -- M( E . no 4 

tenA GOF TM «i ^ 
-[''«! i4o;i< ".'1 /^A^Mi-CMlrgfeOF 

4 4i'e 11 C'4« !«] ]«4 4CC»4> >j«T.rT.4 Cno<C'i«] a'"-

'«! i4ini< " 1 GCf 

Wi 
M.« IMLEI 1 k JL4I Iti4i "«I«3HLE|. 

Tlei4UllHLEl J 1 TI.44 ;i4i lt»« ii«l9]HL£r 

IHLEI .'I •> ',ia Iti4i »!«!«Ji; 
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APPENDIX C 
VAPOR INTRUSION CALCULATIONS 



TaUe C-1 
Vapor Intrusion Calculations - On-Slte Worker - RME 

Smokey Mountain Smelters 
Knoxvliie, Tennessee 

OSWER VAPOR INTRUSION ASSESSMENT 
Sub-slab or Exterior Soil Gas Concentration to Indoor Air Concentration (SGC-IAC) Calculator Version 3.3.1, January 201S RSLs 

Parameter Symbol Value Instructions 
Exposure Scenario Scenario Commercial Select residential or commercial scenano from pull down list 
Tarqet Risk for Carcinoqens TCR SG 1.00E-06 Enter target risk for carcinogens (for comparison to the calculated Vi carcinogenic risk in column F) 
Target Hazard Quotient for Non-Carcinogens THQ SG 0.1 Enter target hazard quotient for non-carcinogens (for comparison to the calculated Vi hazard in column G) 

Site Sub-slab or 
Exterior Soli Gas 

Concentration 

Calculated 
Indoor Air 

Concentration 

VI 
Carcinogenic 

Risk 
VI Hazard inhalation Unit 

Risk IUR 
Source* 

Reference 
Concentration RFC 

Source* 

Mutagenic 
indicator 

Csq Cia 
CR HQ 

iUR 

IUR 
Source* RfC 

RFC 
Source* 

CAS Chemical Name (ug/m') (ug/m') 
CR HQ 

(ua/m^)-' (mq/m^) i 
71432 Benzene 2.1E+01 2.10E+00 1.3E-06 1.6E-02 7.80E-06 3.00E-02 i 
67663 Chloroform 1.2E+01 1.20E+00 2.3E-06 2.8E-03 2.30E-05 9.80E-02 A 
74873 Chioromethane 1.0E+04 1.00E+03 No lUR 2.5E+00 9.00E-02 1 
75343 Dichioroethane. 1.1- 1.8E+03 1.80E+02 2.3E-05 No RfC 1.60E-06 OA 

107062 Dichioroethane. 1.2- 3.8E+03 3.80E+02 8.1E-04 1.2E+01 2.60E-05 7.00E-03 P 
100414 Ethvibenzene 3.2E+01 3.18E+00 6.5E-07 7.3E-04 2.50E-06 OA 1.00E+00 1 
95636 Trimethvibenzene. 1.2.4- 2.2E+01 2.19E+00 No lUR 7.1E-02 7.00E-03 P 

Total 8.3E-04 1.5E+01 
Notes: 

(1) inhalatlon Pathway Exoosure Parameters (RUE): Units Residential Commercial 
Selected (based on 

scenario) 
Exposure Scenario Symbol Value Symbol Value Symbol Value 
Averaging time for carcinogens <yrs) ATc R SG 70 ATc 0 SG 70 ATc SG 70 
Averaging time for non-carcinogens (yrs) ATnc R SG 26 ATnc C SG 25 ATnc SG 25 
Exposure duration (yrs) ED R SG 26 ED 0 SG 25 ED SG 25 
Exposure frequency (days/yr) EF R SG 350 EF C SG 250 EF SG 250 
Exposure time (hr/day) ET_R_SG 24 ET_C_SG 8 ET_SG 8 

(2) Generic Attenuation Factws: Residential Commercial Selected (based on 
scenario) 

Symbol Value Source Medium of Vapors Symbol Value Symbol Value 

Selected (based on 
scenario) 

Symbol Value 
Groundwater (-) AFgw R SG 0.001 AFgw C SG 0.001 AFgw SG 0.001 

AFss_R_SG 0.1 0.1 0.1 

<3) Formulas 

AFss_R_SG 0.1 0.1 0.1 

Ola, target = MiN( Cia,c; Cia.nc) 
Cla.c (ug/m3) = TOR x ATc x (365 days/yr) x (24 tirs/day) / (ED x EF x ET x lUR) 
Cia.nc (ug/m3) = THQ x ATnc x (365 days/yr) x (24 hrs/day) x RfC x (1000 ug/mg)/ (ED x EF x ET) 

Notation: 
I = IRIS: EPA Integrated Risk information System (IRIS). Available online at: httpi/Awwvir.eDa.aov/lris/subst/index.html 
P = PPRTV. EPA Prowsional Peer Reviewed Toxicity Values (PPRTVs). Available online at: htlD://hhDDrtv.oml.Qav/DDrtv.shtml 
A = Agency for Toxic Substances and Disease Registry (ATSDR) Minimum Risk Levels (MRLs). Available online at: httD://www.alsdr.cdc.Qav/mr1s/index.html 
OA = Callfomia Environmental Protection Agency/Office of Environmental Health Hazard Assessment assessments. Available online at: httD://www.oehha.ca.Qov/risk/ChemicalDB/index.asD 
H = HEAST. EPA Superfund HealtJi Effects Assessment Summary Tables (HEAST) database. Available online at: htto://eDa-heast.Qrnl.Qov/heasl.shtml 
S = See RSL User Guide, Section 5 
X = PPRTV Appendix 
Mul = Chemical acts according to the mutagenic-mode-of-action, special exposure parameters apply (see footnote (4) above). 
VC = Special exposure equation for vinyl chlonde applies (see Navigabon Guide for equation). 
TCE = Special mutagenic and non-mutagenic lURs for trichloroethylene appty (see footnote (4) above). 
Yellow highlighting indicates site-specific parameters that may be edited by the user. 
Blue highlighting indicates exposure factors that are based on Risk Assessment Guidance for Superfund (RAGS) or EPA vapor intrusion guidance, which generally should not t>e changed. 
Pink highlighting indicates VI carcinogenic risk greater than the target risk for carcinogens (TCR) or Vi Hazard greater than or equal to the target hazard quotient for non-carcinogens (THQ). 
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TaUe C-2 
Vapor Intrusion Calculations - On-Site Worker - CTE 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

OSWER VAPOR INTRUSION ASSESSMENT 
Sub-slab or Exterior Soil Gas Concentration to Indoor Air Concentration (SGC-IAC) Calculator Version 3.3.1, January 201S RSLs 

Parameter Symbol Value Instructions 
Exposure Scenario Scenario Commercial Select residential or commercial scenano from pull down list 
Tarqet Risk for Carcinoqens TCR SG 1.00E-06 Enter target risk for carcinogens (for comparison to the calculated Vi carcinogenic risk in column F) 
Target Hazard Quotient for Non-Carcinogens THQ SG 0.1 Enter target hazard quotient for non-carcinogens (for comparison to the calculated Vi hazard in column G) 

Site Sub-slab or 
Exterior Soli Gas 

Concentration 

Calculated 
Indoor Air 

Concentration 

VI 
Carcinogenic 

Risk 
VI Hazard inhalation Unit 

Risk IUR 
Source* 

Reference 
Concentration RFC 

Source* 

Mutagenic 
indicator 

Csq Cia 
CR HQ 

iUR 

IUR 
Source* RfC 

RFC 
Source* 

CAS Chemical Name (ug/m') (ug/m') 
CR HQ 

(ua/m^)-' (mq/m^) i 
71432 Benzene 2.1E+01 2.10E+00 1.6E-07 1.9E-03 7.80E-06 3.00E-02 i 
67663 Chloroform 1.2E+01 1.20E+00 2.7E-07 3.4E-04 2.30E-05 9.80E-02 A 
74873 Chioromethane 1.0E+04 1.00E+03 No lUR 3.0E-01 9.00E-02 1 
75343 Dichioroethane. 1.1- 1.8E+03 1.80E+02 2.eE-06 No RfC 1.60E-06 OA 

107062 Dichioroethane. 1.2- 3.8E+03 3.80E+02 9.7E-05 1.5E1-00 2.6QE-05 7.00E-03 P 
100414 Ethvibenzene 3.2E+01 3.18E+00 7.8E-08 8.7E-05 2.50E-06 OA 1.00E+00 1 
95636 Trimethvibenzene. 1.2.4- 2.2E+01 2.19E+00 No lUR 8.6E-03 7.00E-03 P 

Total 1.0E-04 1.8E+00 
Notes: 

(1) inhalatlon Pathway Exoosure Parameters (CTEl: Units Residential Commercial 
Selected (based on 

scenario) 
Exposure Scenario Symbol Value Symbol Value Symbol Value 
Averaging time for carcinogens <yrs) ATc R SG 70 ATc 0 SG 70 ATc SG 70 
Averaging time for non-carcinogens (yrs) ATnc R SG 26 ATnc C SG 25 ATnc SG 25 
Exposure duration (yrs) ED R SG 13 ED 0 SG 12 ED SG 12 
Exposure frequency (days/yr) EF R SG 350 EF C SG 125 EF SG 125 
Exposure time (hr/day) ET_R_SG 16 ET_C_SG 4 ET_SG 4 

(2) Generic Attenuation Factws: Residential Commercial Selected (based on 
scenario) 

Symbol Value Source Medium of Vapors Symbol Value Symbol Value 

Selected (based on 
scenario) 

Symbol Value 
Groundwater (-) AFgw R SG 0.001 AFgw C SG 0.001 AFgw SG 0.001 

AFss_R_SG 0.1 0.1 0.1 

<3) Formulas 

AFss_R_SG 0.1 0.1 0.1 

Ola, target = MiN( Cia,c; Cia.nc) 
Cla.c (ug/m3) = TOR x ATc x (365 days/yr) x (24 tirs/day) / (ED x EF x ET x lUR) 
Cia.nc (ug/m3) = THQ x ATnc x (365 days/yr) x (24 hrs/day) x RfC x (1000 ug/mg)/ (ED x EF x ET) 

Notation: 
I = IRIS: EPA Integrated Risk information System (IRIS). Available online at: httDi/Awwvr.eDa.aov/iris/subst/lndex.html 
P = PPRTV. EPA Prowsional Peer Reviewed Toxicity Values (PPRTVs). Available online at: htlD://hhDDrtv.oml.Qav/DDrtv.shtml 
A = Agency for Toxic Substances and Disease Registry (ATSDR) Minimum Risk Levels (MRLs). Available online at: httD://www.alsdr.cdc.Qav/mr1s/index.html 
OA = Callfomia Environmental Protection Agency/Office of Environmental Health Hazard Assessment assessments. Available online at: httD://www.oehha.ca.Qov/risk/ChemicalDB/index.asD 
H = HEAST. EPA Superfund HealtJi Effects Assessment Summary Tables (HEAST) database. Available online at: htto://eDa-heast.Qrnl.Qov/heasl.shtml 
S = See RSL User Guide, Section 5 
X = PPRTV Appendix 
Mul = Chemical acts according to the mutagenic-mode-of-action, special exposure parameters apply (see footnote (4) above). 
VC = Special exposure equation for vinyl chlonde applies (see Navigation Guide for equation). 
TCE = Special mutagenic and non-mutagenic lURs for trichloroettiylene appty (see footnote (4) above). 
Yellow highlighting indicates site-specific parameters that may be edited by the user. 
Blue highlighting indicates exposure factors that are based on Risk Assessment Guidance for Superfund (RAGS) or EPA vapor intrusion guidance, which generally should not t>e changed. 
Pink highlighting indicates VI carcinogenic risk greater than the target risk for carcinogens (TCR) or Vi Hazard greater than or equal to the target hazard quotient for non-carcinogens (THQ). 
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TaUe C-3 
Vapor IntruslofiCalculatlons - Residential - RME 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 

OSWER VAPOR INTRUSION ASSESSMENT 
Sub-slab or Exterior Soil Gas Concentration to Indoor Air Concentration (SGC-IAC) Calculator Version 3.3.1, January 201S RSLs 

Parameter Symbol Value Instructions 
Exposure Scenario Scenario Residential Select residential or commercial scenano from pull down list 
Tarqet Risk for Carcinoqens TCR SG 1.00E-06 Enter target risk for carcinogens (for comparison to the calculated Vi carcinogenic risk in column F) 
Target Hazard Quotient for Non-Carcinogens THQ SG 0.1 Enter target hazard quotient for non-carcinogens (for comparison to the calculated Vi hazard in column G) 

Site Sub-slab or 
Exterior Soli Gas 

Concentration 

Calculated 
Indoor Air 

Concentration 

VI 
Carcinogenic 

Risk 
VI Hazard inhalation Unit 

Risk IUR 
Source* 

Reference 
Concentration RFC 

Source* 

Mutagenic 
indicator 

Csq Cia 
CR HQ 

iUR 

IUR 
Source* RfC 

RFC 
Source* 

CAS Chemical Name (ug/m') (ug/m') 
CR HQ 

(ua/m^)-' (mq/m^) i 
71432 Benzene 2.1E+01 2.10E+00 5.8E-06 6.7E-02 7.80E-06 3.00E-02 i 
67663 Chloroform 1.2E+01 1.20E+00 9.8E-06 1.2E-02 2.30E-05 9.80E-02 A 
74873 Chioromethane 1.0E+04 1.00E+03 No lUR 1.1E+01 9.00E-02 1 
75343 Dichioroethane. 1.1- 1.8E+03 1.80E+02 1.0E-04 No RfC 1.60E-06 OA 

107062 Dichioroethane. 1.2- 3.8E+03 3.80E+02 3.SE-03 S.2E+01 2.60E-05 7.00E-03 P 
100414 Ethvibenzene 3.2E+01 3.18E+00 2.8E-06 3.0E-03 2.50E-06 OA I.OOE-r-OO 1 
95636 Trimethvibenzene. 1.2.4- 2.2E+01 2.19E+00 No lUR 3.0E-01 7.00E-03 P 

Total 3.6E-03 6.3E+01 
Notes: 

(1) inhalatlon Pathway Exoosure Parameters (RUE): Units Residential Commercial 
Selected (based on 

scenario) 
Exposure Scenario Symbol Value Symbol Value Symbol Value 
Averaging time for carcinogens <yrs) ATc R SG 70 ATc 0 SG 70 ATc SG 70 
Averaging time for non-carcinogens (yrs) ATnc R SG 26 ATnc C SG 25 ATnc SG 26 
Exposure duration (yrs) ED R SG 26 ED 0 SG 25 ED SG 26 
Exposure frequency (days/yr) EF R SG 350 EF C SG 250 EF SG 350 
Exposure time (hr/day) ET_R_SG 24 ET_C_SG 8 ET_SG 24 

(2) Generic Attenuation Factws: Residential Commercial Selected (based on 
scenario) 

Symbol Value Source Medium of Vapors Symbol Value Symbol Value 

Selected (based on 
scenario) 

Symbol Value 
Groundwater (-) AFgw R SG 0.001 AFgw C SG 0.001 AFgw SG 0.001 

AFss_R_SG 0.1 0.1 0.1 

<3) Formulas 

AFss_R_SG 0.1 0.1 0.1 

Ola, target = MIN( Cia,c; Cia.nc) 
Cia,c (ug/m3) = TOR x ATc x (365 days/yr) x (24 tirs/day) / (ED x EF x ET x lUR) 
Cia.nc (ug/m3) = THQ x ATnc x (365 days/yr) x (24 hrs/day) x RfC x (1000 ug/mg)/ (ED x EF x ET) 

Notation: 
I = IRIS: EPA Integrated Risk Information System (IRIS). Available online at: httpi/Awwvir.eDa.aov/lris/subst/index.html 
P = PPRTV. EPA Prowsional Peer Reviewed Toxicity Values (PPRTVs). Available online at: htlD://hhDDrtv.oml.Qav/DDrtv.shtml 
A = Agency for Toxic Substances and Disease Registry (ATSDR) Minimum Risk Levels (MRLs). Available online at: httD://www.alsdr.cdc.Qav/mr1s/index.html 
OA = Callfomia Environmental Protection Agency/Office of Environmental Health Hazard Assessment assessments. Available online at: httD://www.oehha.ca.Qov/risk/ChemicalDB/index.asD 
H = HEAST. EPA Superfund HealtJi Effects Assessment Summary Tables (HEAST) database. Available online at: htto://eDa-heast.Qrnl.Qov/heasl.shtml 
S = See RSL User Guide, Section 5 
X = PPRTV Appendix 
Mul = Chemical acts according to the mutagenic-mode-of-action, special exposure parameters apply (see footnote (4) above). 
VC = Special exposure equation for vinyl chlonde applies (see Navigation Guide for equation). 
TCE = Special mutagenic and non-mutagenic lURs for trichloroettiylene appty (see footnote (4) above). 
Yellow highlighting indicates site-specific parameters that may be edited by the user. 
Blue highlighting indicates exposure factors that are based on Risk Assessment Guidance for Superfund (RAGS) or EPA vapor intrusion guidance, which generally should not t>e changed. 
Pink highlighting indicates VI carcinogenic risk greater than the target risk for carcinogens (TCR) or Vi Hazard greater than or equal to the target hazard quotient for non-carcinogens (THQ). 
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TaUe C-4 
Vapor Intrusion Calculations - Residential - GTE 

Sntokey Mountain Smelters 
Knoxvllle, Tennessee 

OSWER VAPOR INTRUSION ASSESSMENT 
Sub-slab or Exterior Soil Gas Concentration to Indoor Air Concentration (SGC-IAC) Calculator Version 3.3.1, January 201S RSLs 

Parameter Symbol Value Instructions 
Exposure Scenario Scenario Residential Select residential or commercial scenano from pull down list 
Tarqet Risk for Carcinoqens TCR SG 1.00E-06 Enter target risk for carcinogens (for comparison to the calculated Vi carcinogenic risk in column F) 
Target Hazard Quotient for Non-Carcinogens THQ SG 0.1 Enter target hazard quotient for non-carcinogens (for comparison to the calculated Vi hazard in column G) 

Site Sub-slab or 
Exterior Soli Gas 

Concentration 

Calculated 
Indoor Air 

Concentration 

VI 
Carcinogenic 

Risk 
VI Hazard inhalation Unit 

Risk IUR 
Source* 

Reference 
Concentration RFC 

Source* 

Mutagenic 
indicator 

Csq Cia 
CR HQ 

iUR 

IUR 
Source* RfC 

RFC 
Source* 

CAS Chemical Name (ug/m') (ug/m') 
CR HQ 

(ua/m^)-' (mq/m^) i 
71432 Benzene 2.1E+01 2.10E+00 2.2E-06 2.6E-02 7.80E-06 3.00E-02 i 
67663 Chloroform 1.2E+01 1.20E+00 3.8E-06 4.5E-03 2.30E-05 9.80E-02 A 
74873 Chioromethane 1.0E+04 1.00E+03 No lUR 4.1E+00 9.00E-02 1 
75343 Dichioroethane. 1.1- 1.8E+03 1.80E+02 3.9E-05 No RfC 1.60E-06 OA 

107062 Dichioroethane. 1.2- 3.8E+03 3.80E+02 1.4E-03 2.0E+01 2.60E-05 7.00E-03 P 
100414 Ethvibenzene 3.2E+01 3.18E+00 1.1E-06 1.2E-03 2.50E-06 OA I.OOE-^00 1 
95636 Trimethvibenzene. 1.2.4- 2.2E+01 2.19E+00 No lUR 1.2E-01 7.00E-03 P 

1.4E-03 2.4E+01 
Notes: 

(1) inhalatlon Pathway Exoosure Parameters (CTEl: Units Residential Commercial 
Selected (based on 

scenario) 
Exposure Scenario Symbol Value Symbol Value Symbol Value 
Averaging time for carcinogens <yrs) ATc R SG 70 ATc 0 SG 70 ATc SG 70 
Averaging time for non-carcinogens (yrs) ATnc R SG 26 ATnc C SG 25 ATnc SG 26 
Exposure duration (yrs) ED R SG 15 ED 0 SG 12 ED SG 15 
Exposure frequency (days/yr) EF R SG 350 EF C SG 125 EF SG 350 
Exposure time (hr/day) ET_R_SG 16 ET_C_SG 4 ET_SG 16 

(2) Generic Attenuation Factws: Residential Commercial Selected (based on 
scenario) 

Symbol Value Source Medium of Vapors Symbol Value Symbol Value 

Selected (based on 
scenario) 

Symbol Value 
Groundwater (-) AFgw R SG 0.001 AFgw C SG 0.001 AFgw SG 0.001 

AFss_R_SG 0.1 0.1 0.1 

<3) Formulas 

AFss_R_SG 0.1 0.1 0.1 

Ola, target = MIN( Cia,c; Cia.nc) 
Cia,c (ug/m3) = TOR x ATc x (365 days/yr) x (24 tirs/day) / (ED x EF x ET x lUR) 
Cia.nc (ug/m3) = THQ x ATnc x (365 days/yr) x (24 hrs/day) x RfC x (1000 ug/mg)/ (ED x EF x ET) 

Notation: 
I = IRIS: EPA Integrated Risk Information System (IRIS). Available online at: httD:/Avww.eDa.Qov/lris/subst/index.html 
P = PPRTV. EPA Provisional Peer Reviewed Toxicity Values (PPRTVs). Available online at: htlD://hhDDrtv.oml.Qov/DDrtv.shtml 
A = Agency for Toxic Substances and Disease Registry (ATSDR) Minimum Risk Levels (MRLs). Available online at: htlD://www.alsdr.cdc.Qov/mr1s/index.fttml 
OA = California Environmental Protection Agency/Office of Environmental Health Hazard Assessment assessments. Available online at: httD://www.oehha.ca.aov/risk/CtremicalDB/index.asti 
H = HEAST. EPA Superfund Health Effects Assessment Summary Tables (HEAST) database. Available online at: hftD://eDa-heast.ornl.Qov/heasl.shtml 
S = See RSL User Guide, Section 5 
X = PPRTV Appendix 
Mul = Chemical acts according to the mutagenic-mode-of-action, special exposure parameters apply (see footnote (4) above). 
VC = Special exposure equation for vinyl chlonde appltes (see Navigation Guide for equation). 
TCE = Special mutagenic and non-mutagenic lURs for trichloroettiylene appty (see footnote (4) above). 
Yellow highlighting indicates site-specific parameters that may be edited by the user. 
Blue highlighting indicates exposure factors that are based on Risk Assessment Guidance for Superfund (RAGS) or EPA vapor intrusion guidance, which generally should not be changed. 
Pink highlighting indicates VI carcinogenic risk greater than ttie target risk for carcinogens (TCR) or Vi Hazard greater than or equal to the target hazard quotient for non-carcinogens (THQ). 
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APPENDIX D 
lEUBK LEAD MODEL OUTPUTS 



Appendix D 
lEUBK Lead Results 

Siiiokey Mountam Smelters 
Kiioxxille, Tennessee 

Shallow Groundwater 

Prob. Disliibubon 

Cuton - lOQOQ llgMI 
Gea Mean = 4.063 
GSD = 1 BOfl 
XAiewe = 2,834 

Pb Cor>r. ||ig/ill | 

Age Range ~ 8 !o mortlh:; 

Run Mode = Rescaith 

LEAD MODEL FOR WINDOWS Version 1.1 

Model Version: 1.1 Buildll 
User Name: 
Date: 
Site Name: 
Operable Unit: 
Run Mode: Research 

****** Air ****** 

indoor Air Pb Concentration: 30.000 percent of outdoor. 
Other Air Parameters: 

Age Time 
Outdoors 

Ventilation Lung Outdoor Air 
Rate Absorption Pb Cone 



(hours) (mVday) (%) (pg Pb/m') 

.5-1 1.000 2.000 32.000 0.100 
1-2 2.000 3.000 32.000 0.100 
2-3 3.000 5.000 32.000 0.100 
3-4 4.000 5.000 32.000 0.100 
4-5 4.000 5.000 32.000 0.100 
5-6 4.000 7.000 32.000 0.100 
8-7 4.000 7.000 32.000 0.100 

****** Diet ****** 

Age Diet lntake(pg/day) 

.5-1 2.260 
1-2 1.960 
2-3 2.130 
3-4 2.040 
4-5 1.950 
5-6 2.050 
6-7 2.220 

****** Drinking Water ****** 

Water Consumption: 
Age Water (L/day) 

.5-1 0.200 
1-2 0.500 
2-3 0.520 
3-4 0.530 
4-5 0.550 
5-6 0.580 
6-7 0.590 

Drinking Water Concentration: 20.600 pg Pb/L 

****** Soil & Dust ****** 

Multiple Source Analysis Used 
Average multiple source concentration: 150.000 pg/g 

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700 
Outdoor airborne lead to indoor household dust lead concentration: 
Use alternate indoor dust Pb sources? No 

Age Soil (pg Pb/g) House Dust (pg Pb/g) 

.5-1 200.000 150.000 
1-2 200.000 150.000 
2-3 200.000 150.000 
3-4 200.000 150.000 
4-5 200.000 150.000 
5-6 200.000 150.000 
6-7 200.000 150.000 



****** Alternate Intake ****** 

Age Alternate (pg Pb/day) 

.5-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

^**** Maternal Contribution: Infant Model *^*** 

Maternal Blood Concentration: 1.000 pg Pb/dL 

***************************************** 
CALCULATED BLOOD LEAD AND LEAD UPTAKES: 
***************************************** 

Year Air Diet Alternate Water 
(pg/day) (pg/day) (pg/day) (pg/day) 

.5-1 0.021 1.043 0.000 1.901 
1-2 0.034 0.883 0.000 4.639 
2-3 0.062 0.972 0.000 4.887 
3-4 0.067 0.942 0.000 5.042 
4-5 0.067 0.917 0.000 5.329 
5-6 0.093 0.971 0.000 5.661 
6-7 0.093 1.057 0.000 5.785 

Year Soil+Dust Total Blood 
(pg/day) (pg/day) (pg/dL) 

.5-1 4.060 7.026 3.8 
1-2 6.293 11.850 4.8 
2-3 6.374 12.294 4.6 
3-4 6.452 12.503 4.4 
4-5 4.868 11.181 3.9 
5-6 4.414 11.139 3.5 
6-7 4.187 11.122 3.2 



Deep Groundwater 

Prob Dislribubon 

Pb CoBC iMB/llU 

Cutmi - 10.1100 MQ/iM 
CiCDMran ^ 4 005 
liUD = I 60(1 
S Above = 6.429 

- 0 to /? mofiHii 

He»rirrh 

LEAD MODEL FOR WINDOWS Version 1.1 

Model Version: 1.1 Buildll 
User Name: 
Date: 
Site Name: 
Operable Unit: 
Run Mode: Research 

****** Air ****** 

indoor Air Pb Concentration: 30.000 percent of outdoor. 
Other Air Parameters: 

Age Time Ventilation Lung Outdoor Air 
Outdoors Rate Absorption Pb Cone 
(hours) (m'/day) (%) (pg Pb/m') 

.5-1 1.000 2.000 32.000 0.100 
1-2 2.000 3.000 32.000 0.100 
2-3 3.000 5.000 32.000 0.100 
3-4 4.000 5.000 32.000 0.100 



4-5 4.000 5.000 32.000 0.100 
5-6 4.000 7.000 32.000 0.100 
6-7 4.000 7.000 32.000 0.100 

****** ****** Diet 

Age Diet lntake(pg/day) 

.5-1 2.260 
1-2 1.960 
2-3 2.130 
3-4 2.040 
4-5 1.950 
5-6 2.050 
6-7 2.220 

****** Drinking Water ****^ 

Water Consumption: 
Age Water (L/day) 

.5-1 0.200 
1-2 0.500 
2-3 0.520 
3-4 0.530 
4-5 0.550 
5-6 0.580 
6-7 0.590 

Drinking Water Concentration: 32.200 pg Pb/L 

^**** QQII ***^* 

Multiple Source Analysis Used 
Average multiple source concentration: 150.000 pg/g 

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700 
Outdoor airborne lead to indoor household dust lead concentration: 100.000 
Use alternate indoor dust Pb sources? No 

Age Soil (pg Pb/g) House Dust (pg Pb/g) 

.5-1 200.000 150.000 
1-2 200.000 150.000 
2-3 200.000 150.000 
3-4 200.000 150.000 
4-5 200.000 150.000 
5-6 200.000 150.000 
6-7 200.000 150.000 

™** Alternate Intake 

Age Alternate (pg Pb/day) 

.5-1 0.000 
1-2 0.000 



2-3 0.000 
3-4 0.000 
4-5 0.000 
5-6 0.000 
8-7 0.000 

****** Maternal Contribution: Infant Model ****** 

Maternal Blood Concentration: 1.000 pg Pb/dL 

***************************************** 
CALCULATED BLOOD LEAD AND LEAD UPTAKES: 
***************************************** 

Year Air Diet Alternate Water 
(pg/day) (pg/day) (pg/day) (pg/day) 

.5-1 0.021 1.031 0.000 2.938 
1-2 0.034 0.864 0.000 7.101 
2-3 0.062 0.953 0.000 7.495 
3-4 0.067 0.926 0.000 7.749 
4-5 0.067 0.903 0.000 8.202 
5-6 0.093 0.957 0.000 8.719 
6-7 0.093 1.042 0.000 8.918 

Year Soil+Dust Total Blood 
(pg/day) (pg/day) (pg/dL) 

.5-1 4.014 8.005 4.3 
1-2 6.163 14.163 5.7 
2-3 6.254 14.765 5.5 
3-4 6.345 15.087 5.2 
4-5 4.793 13.965 4.7 
5-6 4.349 14.119 4.4 
6-7 4.130 14.183 4.0 
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Table E-1R 
Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 
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Table E-1R 
Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 
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Table E-2R 
Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 
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Table E-2R 
Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 
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Table E-2R 
Calculation of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 
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Table E-3 
Calculation of COPC Cancer Risks and Noncancer Hazards -On-Slte Worker - Groundwater Exposure 

Reasonable Maxlnum Exposure 
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Table E-3 
Calculation of COPC Cancer Risks and Noncancer Hazards -On-Slte Worker - Groundwater Exposure 

Reasonable Maxlnum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-4 
Calculation of COPC Cancer Risks and Noncancer Hazards -On-Slte Worker - Groundwater Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-4 
Calculation of COPC Cancer Risks and Noncancer Hazards -On-Slte Worker - Groundwater Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-5 
Calculatlon of COPC Cancer Risks and Noncancer Hazards - On-Slte Worker - Soil Gas Exposure 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-6 
Calculatlon of COPC Cancer Risks and Noncancer Hazards - On-SiteWorker - Soil Gas Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-7R 
Calculation of COPC Cancer Risks and Noncancer Hazards - Trespasser - Soil Exposure 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 
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Calculation of COPC Cancer Risks and Noncancer Hazards - Trespasser - Soil Exposure 
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Table E-8R 
Calculation of COPC Cancer Risks and Noncancer Hazards - Trespasser - Soil Exposure 
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Table E-8R 
Calculation of COPC Cancer Risks and Noncancer Hazards -Trespasser • Soil Exposure 
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Table E-8R 
Calculation of COPC Cancer Risks and Noncancer Hazards - Trespasser - Soil Exposure 
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Table E-9R 
Calculation of COPC CancerRlsks and NoncancerHazards -Recreational Child User-Soil Exposure 
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Table E-9R 
Calculation of COPC CancerRlsks and NoncancerHazards -Recreational Child User-Soil Exposure 
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Table E-9R 
Calculation of COPC CancerRlsks and NoncancerHazards -Recreational Child User-Soil Exposure 
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Table E-10R 
Calculation of COPC CancerRlsks and NoncancerHazards -Recreational Child User-Soil Exposure 
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Table E-10R 
Calculation of COPC CancerRlsks and NoncancerHazards -Recreational Child User-Soil Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

Ijre Me'liijrri I P'l k ill iji itio r H i: Vi) i; ill Ijl -flior 

Fl€nniken Branch 

Flirfirnkirii E'l Vn li E'-riCOi II Villii V irii-r 

E'ercOi lifi-Terie 

E'-riLOil'inijOr VitJi'rii'r 

E.erCOik Itluor Vitlierie 

; tir. eiie 

:• :• ••:-Ti:ciCi TE':' 

-lijrriiriijrri 

M vn) Vie 

TtiiiiMirri 

ME-01 

1'1'E-01 

-JOE-00 

0 i'E-Cu 

1-JE-O:. 

1 OE-i 

1 

1 OE-i 

1 'E-

-:OE-i 

E'eicoi V viiiir v eiie 
E'ercOi ii(i-Terie 
E'eiLOiiiifiijor vitJieiie 
E.erCOik Itluor Vitlierie 
; tir. eiie 

:• :• 'o-TociCi TE':' 

-lijrriiriijrri 

M Vii) Vie 

TtiiiiMirri 

V*<E-Cu 

jjE-Oi 

ME-01 

jjE-Oi 

JOE-MM 

0 i'E-Cu 

ijE-o:. 

1E-I 

'E-i 

1E-

J ME-

Tot ii Fieiiiiikeii E'l vii ii 

2 of 3 



I viO T irriefr vrir: 

edOr F'0("Jl itiOr 

edor-ije Oiil' 

ijrierlFijpjre 

Table E-10R 
Calculation of COPC CancerRlsks and NoncancerHazards -Recreational Child User-Soil Exposure 
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Calculation of COPC CancerRlsks and NoncancerHazards -Recreational Adult User-Soil Exposure 
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Table E-23 
Calculation of COPC Cancer Risks and Noncancer Hazards - Adult Resident - Groundwater Exposure 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 

Me'liijrn E-l'O Me'lnjrri • ; ti-rirni il i:if 

F'Oleriliil •: or» e 

Till -rl F'l k •; ill III iIiM 

iiiiike E-iiij uieoiii eiiiiiiio 

Vii rl H Vi| •: ill ijliDOl 

H i; ill] i^iijkitieiii 

1 j-C'ii hiMiMeiiiiii. 

Eeiiieiie 

E.iiMriMirieDiiiie 

N i|iiiiiiiieiie 

T111 liliiliiirtJiirliir 

1 jOE'OO 

i-iiE-Oi 

lihilitiiMi Tolil 

Tflil C'~|| iI-riiijlnK lie 



Table E-24 
Calculatlon of COPC Cancer Risks and Noncancer Hazards - Age-Adjusted Resident - Groundwater Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-24 
Calculatlon of COPC Cancer Risks and Noncancer Hazards - Age-Adjusted Resident - Groundwater Exposure 
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Table E-24 
Calculatlon of COPC Cancer Risks and Noncancer Hazards - Age-Adjusted Resident - Groundwater Exposure 
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Table E-25 
Calculation of COPC Cancer Risks and Noncancer Hazards - Child Resident - Groundwater Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 
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Table E-25 

Calculation of COPC Cancer Risks and Noncancer Hazards - Child Resident - Groundwater Exposure 

Central Tendency Exposure 
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Knoxvllle. Tennessee 
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Table E-25 

Calculation of COPC Cancer Risks and Noncancer Hazards - Child Resident - Groundwater Exposure 

Central Tendency Exposure 

Smokey Mountain Smelters 
Knoxvllle. Tennessee 

rrfi VIM Tirriefr VTir: 

I ei'tor F'M(IIII iDOr 

, eftoi-.je Oiii' 

E'CO '""T 
E'l'O ijre 

Pome 

i; tiernn V m 
Poteritiv *. ofM e 

I F'l k V' III VIM r H i: Vi) 'i Vi III VIM 

H i: VI) i^jooerrt 

I I'-C'ii tiiorMettiVie 

:• J-CiirntJOtMiij-'rie 

;• t...CiiriitiMtM|ij.'rie 

EerLOne 

II I :.EtiMiie''-ii I'litiiVve 

iTMrnornetli Vit-

[iieiilnri 

Hed V til or 

n 1(111111110110 

F'OrrtV tilMrM(,tiOriMl 

Tni tilMrMeDiOriO 

-lijiriiiiijiri 

iiKriiijrri 

tirorriiiirri 

LOVl 

MViijViO 0 

Meri ijr-

MMHii)eiiijiri 

till kei 

oeioimjiri 

IVroriDijrri 

Ttiiiiiijrri 

ViVliiirri 

1 :oE-oo U'lL 

1 ;•••'£ *01 U'lL 

J •.•••£ *00 U'lL 

O'ME-OI U'lL 

r,. "OE*Ol U'lL 

; •XiE*00 U'lL ;• O:E*OO U'lL 

:.-:oE-o: U'lL 

-:JOE-O: U'lL 

1•OE*00 U'lL 

;• -;oE*oo U'lL 

-OOOE-Oi ll'.a 

:• •k.E*o:. U'lL 

,, .,-E*00 U'lL 

J •:OE*00 U'lL ;• "-:E*OO U'lL 

;• 1 iE*i:ii U'lL 

1 0'jE*Oi U'lL 

JOE *01 U'lL 

1 I0E*0I U'lL 

1 jO'E*(iJ U'lL 

J *00 U'lL 

1 i:iOE*o-: U'lL 

1 O'JE-OI U'lL 

;• i:iOE*o: U'lL 

J OOE*Oi U'lL 

JJE*OI U'lL 

0 •OE*o:. U'lL 

1 "JE*OI U'lL 

j OOE*Oi U'lL 

1 ;jE*o: U'lL 

1 I'-C'ii tiiMrMettiViO 

:• j-CiiriitJOtMiij-'rie 

;• t...CiiriitiMtM|ij.'rie 

EorCOnO 

In I :.EllMliO''-li I'litli V VO 

ETOrriorrietli Vit-

1 :0E-00 

1 l"*'E-Oi 

.. lE-Oi 

YiE-ijl 

1 :E 

: IE 

1 'E 

1 :.E 

J OE 

1 :E 

: -:E 

ijE 

1 :E 

: IE 

-J :.E 

rfiI) VI 

rfiI) VI 

rfiI) VI 

rfiI) VI 

rfiI) VI 

rfiI) VI 

rfiI) VI 

rfiI) VI 

rfiI) VI 

rfiI) VI 

rfiI) VI 

rfi I) VI 

rfiI) VI 

rfiI) VI 

rfi I) VI 

rfi I) VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rfiI)VI 

rriijVi 

J OE 

: IjE 

1 -JE 

1 OE 

IjE 

1 jE 

: IjE 

IjE 

I'OE-

-OOE-

1 OE-

-OOE-

:• "E-i>.. rfi 111-

J "E-ii-: rfi 111-

;• lE-ii-: rfi 111-

0 "E-i>.. rfi 111-

:oE-oi rfi 111-

-V'E-iX. rfi 111-

J OE-

lOE-

1 JE-



Table E-25 
Calculation of COPC Cancer Risks and Noncancer Hazards - Child Resident - Groundwater Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-26 
Calculation of COPC Cancer Risks and Noncancer Hazards - Adult Resident - Groundwater Exposure 

Central Tendency Exposure 
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Calculation of COPC Cancer Risks and Noncancer Hazards - Adult Resident - Groundwater Exposure 
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Table E-26 
Calculation of COPC Cancer Risks and Noncancer Hazards - Adult Resident - Groundwater Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Calculation of COPC Cancer Risks and Noncancer Hazards - Adult Resident - Groundwater Exposure 
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Table E-26 
Calculation of COPC Cancer Risks and Noncancer Hazards - Adult Resident - Groundwater Exposure 

Central Tendency Exposure 
Smokey Mountain Smelters 
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Table E-27 
Calculatlon of COPC Cancer Risks and Noncancer Hazards - Resident- Soil Gas Exposure 
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Table E-28 
Calculatlon of COPC Cancer Risks and Noncancer Hazards - Resident- Soil Gas Exposure 
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Table E-29 
Calculation of COPC Cancer Risks and Noncancer Hazards - Child Angler - Fish Tissue Exposure 
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Table E-30 
Calculation of COPC Cancer Risks and Noncancer Hazards - Child Angler - Fish Tissue Exposure 
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Table E-31 
Calculation of COPC Cancer Risks and Noncancer Hazards - Adult Angler - Fish Tissue Exposure 

Reasonable Maxlnum Exposure 
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Table E-32 
Calculation of COPC Cancer Risks and Noncancer Hazards - Adult Angler - Fish Tissue Exposure 
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Summary of Receptor Risks and Hazards for COPCs - On-Slte Worker 
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Summary of Receptor Risks and Hazards for COPCs - On-Slte Worker 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

!' -ii jll'' Tiiii-ii jiii- ' IJII-IIL''FIJ|IJI-

F-' -|'|"i F"|'i|l:iii"ii ' ii- III- 'il -1 

F-' -|'|"i -'lull 

'! ji. Ill' -I-Iii' PI :l 

E-i" 
P-iji-

'! jl' III' -l-lii' H X jl'l ' jij' 'li-lil 

Fiiiiiji'-

Tji'l-I vi'l.'iiii 

E.|'"ii|i-

F-iji-i T' 

IJjii'ljii-i 

Th jlllijlli 

jll j'llljlll 

[' 1"|'|||_|||; 

n-l-'iJi M1-I 

jili' 'iiii-iiiii: 

'-I - 'ij: ^ n-i 

H jl I 

H'lli-. 

El I 

M jli',1 jli-i 

Th jlliijiii 

jll j'llljlll 

Lu-I P_|'|'.|i|' |u_ I . :|_|ii [' l"|'lii_li| jl 

Eii'i'" nil- :i-iii F-:i'ii jl' 'ij I -11-1II El I 

I i-i - 'IJ: ^ n-ii 

['-j.-i' 'I'Ill-Ill jl 'I ji'ii' ji' 

N-l'-"iJi i-il-lli Lull 

F-ll'ii j|"ij Ml-

F-ll'ii j|"ij Ml-

F-ll'ii j|"ij Ml-

1 Of 3 



Table E-34R 
Summary of Receptor Risks and Hazards for COPCs - On-Slte Worker 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

!' -ii jii'' Tiiii-ii jiii- ' IJII-IIL''FIJ|IJI-

F-' -|'i"i F"i'iji:ni"ii ' ii- III- 'il -1 

F_' _|'|"| Z.'||||| 

'! ji. Ill' -I-Iii' PI :l 

E.|..iiii 

p-ijl-i T. 

Ii-'l jl' III' -l-lii' H X jl'l ' jij' 'li-lil 

Fiiiiiji'-

Tji'l-I vi'l.'iiii 

E.|'"ii|i-

F-ijI-i T' 

Fl-iiiiil -ii El jii' li E-liZ' 'I jijlilhl j' -I 

E-iiZ' 'I :ii|'^i-ii-

E-iii-il'iMij-l jlilh' 

E-liZ"il iMij-l jlilh-

l-l'jii 

! ̂ jiii'l-

i^ijii'i.'iii-

Th jlllijlli 

JE 

•E •€ 
•E 

: I'E 

J 'E 

II 

-"'I'E 

IE 

: -"'E 

J E 

'E 
J E 

J 'E 

I I'E 

- :E 
' -"'E 

- :E 
- iiE 

J •€ 
II 

E 

IE 

[' 1"|'|||_|||; 

ll-l-'iJl M1-I 

F-I'l' 

jiii' 'iiii-iiiii: 

'-I - 'ij I ^ 11-1 

H jl I 

2 Of 3 



Table E-34R 
Summary of Receptor Risks and Hazards for COPCs - On-Slte Worker 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

!' -Il jii'' Tiiii-ii jiii- ' IJII-IIL''FIJ|III-

F-' -|'|"i F"|'ijl jii"ii ' ii. Ill- 'Il -1 

F-' -|'|"i -']- -'lull 

'! ji. Ill' -I-Iii' PI :l 

E-i" 
P-iji-

'! jl' III' -l-lii' H X jl'l ' jij' 'li-lil 

Fiiiiiji'-

Tji'l-I vi'l.'iiii 

E.|'"ii|i-

F-iji-i T' 

Fl-iiiiil -ii El jii' li 

'i|'iMij"l jlilh' 

'il iMij-l jlilh-

"I'jII 

^ jlii'l-

l^ljli'l.'ili-

Th jlllijlli 

iFl-iiiiil -Il El jii' Il T' 'ijl 

• I'E 

J IE 

I •€ 

•' E 
I •€ 
: IE 
I •€ 
I E 

• I'E 

J IE 
I •€ 

Lu-I F-|'I'"||J'|u- MI-III E' I"|'III-|||: 

Ell'I'" nil- r-:I-III F-:i'ii ji''in :- ii-m Ei-' 

I l-l -"IJ i i - i1-lli 

E'-j.-l' 'I'Ill-Ill jl 'I jl'li' jl' III jl I . :|-|ii 

I l-i'-' 'iji I - il-iii Lull'] !l III 

F -ii'ii 'I ^ I ̂ ii-iii 

F -II'II H' 'I ^ I ̂ il-iii 

Tlui"i'l 

T' 'Ijl Fl-iiiiil -Il El jii' h 

T' 'Ijl Fill -' i"| I -II IJ-'li j . 'I'll.: i|-

T"| jl Fill -' i"| I -II IJ-'li j . Fl-iiiiil -Il El .'III' I 

T"l jl H jziii'l -' i"| I -II I.I-'li j . 'jii. In-

T' 'I jl H III jl' 1 "' I'' 11 "II f-1-' li j . Fl-iiiiil -Il El .'ill' I 

3 Of 3 



I ViO Tirrirrfr VTirr i jri'riiLPilIur'r 

ejior F'0("Jl'fliori 'I'r-I-ite -"-orver 

edor-ije -ijijit 

Table E-35 
Summary of Receptor Risks and Hazards for COPCs - On-Site Worker - Groundwater 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 
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Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-37 
Summary of Receptor Risks and Hazards for COPCs - On-Slte Worker 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Summary of Receptor Risks and Hazards for COPCs - On-Slte Worker 
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Summary of Receptor Risks and Hazards for COPCs - Trespasser 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-40R 
Summary of Receptor Risks and Hazards for COPCs - Trespasser 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

I Till i-rll 111 ir •! illlirlil'FiiIiil.^ 

ei'i'M P'oiiiii'iii'Mi Tie:i' i: :ei 

E |..:.:iiie 

Me'luiiii 

E |..:.:iii^ 

F'MIIII 

iiriiiMijeiin: El 

E |..:.:iiie 

Po'iie: Toi'ii 

iioiiOiieim: H-,:-,iii C'lioiieiii 

F'liiiiv^ 

Timei •/I'liiii :J 

E |..:.:iiie 

F'Miiie: Toi'ii 

M -jini -jne: 

Th illmii I 

ill iilmiii 

C'e eioiiineiiiii 

i'liiiiie i'Mi Toiii 

TiMii i/ii-iiie i'Mi 

M iiii] ine: 

Th illmii I 

ill iilmiii 

;• ::E. 

: tE-
J :E. 

;• ::E. 

: tE-
J :E. 

Li ei F'e|iii:ii|iii:ii e :-:ieiii C'e eioiiin 
Einiiioiiie Niieiii F'e:|iiii|i:iih Niiein 

rhl il 
Eiiiiii 

oiiineiiiii •: ihiiii i hhiiii :u 

r- :ieiii Linni i km 

F'e:|iii iioih :h iiein 

F'e:|iii iioih :h iiein 

F'e:|iiii|i:iih :h:iei 

1 Of 2 



Table E-40R 
Summary of Receptor Risks and Hazards for COPCs - Trespasser 

Central Tendency Exposure 
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Table E-41R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Child User 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Summary of Receptor Risks and Hazards for COPCs - Recreational Child User 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 
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Table E-42R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Child User 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-42R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Child User 
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Table E-43R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Adult User 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-43R 
Summary of Receptor Risks and Hazards for COPCs - Recreational Adult User 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 
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Table E-60 
Summary of Receptor Risks and Hazards for COPCs - Resident 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-61 
Summary of Receptor Risks and Hazards for COPCs - Child Angler 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-62 
Summary of Receptor Risks and Hazards for COPCs - Child Angler 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-63 
Summary of Receptor Risks and Hazards for COPCs - Adult Angler 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-64 
Summary of Receptor Risks and Hazards for COPCs - Adult Angler 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 

E-|.0 

F' Mirit 

tirrrrni V 

Of F'Otefili il 

Vi iriOOOfiii PI f- noii.i; vi iriooefii' H vii ':'iioiiefii 

Pfirri V-

T VijOl 'I'fOVii 

• TE':' 

F''! E' C'lO'iii-iiko '! oiiijo 

Fv E- 11'-.O 

Ol'iriOiil ii 

Ol'iriOiil ii 

Tot V I'fiOl' '! fOOf- '! V(i 

L VijOfriOiilii E' 

• TE':' 

F''! E' C'l'!"iii-iiko '! 'i'liijO 

Fv E- 11'-.O 

; tifOiriiiifri 

f-lOf' ijr-

j ,,E 

: 'E 

1 -JE 

: ijE 

; tirrirni V T01 il 

J ,,E 

: 'E 

1 -JE 

: IjE 

OI'ITiOlit il 

OI'ITiOlit il 

Tot V I'fioi''! feel- L vijOfrioutii E.* 

• .i-T'::':' TE': 

F''! E' C'l'!"iii-iiko '! il'injO 

Fv E- 11'-vj 

; tifOiriMifri 

Levi 

f-lef' Ijr-

; tieirni V Tot ii 

Z<>r eioi'iTieiit ii 

i«r eioi'iTieiit ii 

E -e ifrifriiifie - 1-

jkiii 

Tot V I'fioti'! reet- -ii 

Tot 11 PI t- • '! V( Tot ii H i: vii •'! v( 

Tot ii C'e eioi'friefit ii HI 

Tot ii jt-ifi Hi 

Tot Ii PI t- • L ViierriOiJlli E^ 

Tot ii PI t- • -11 :<(!• 

Tot ii H i: vii • L voerrioijiii E. 1 

Tot ii C'e eioi'friefit ii HI 

Tot ii I'Mifie- HI 

Tot ii H i: vii • - II jfO' le 

Tot ii C'e eioi'friefit ii HI 

Tot il jt-ifi HI 

Tot ii I'Mifie- HI 



Table E-65R 
Risk Summary - On-Slte Worker 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 
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Table E-66 
Risk Summary - On-Site Worker - Groundwater 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-67 
Risk Summary - On-Site Worker - Groundwater 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-68 
Risk Summary - On-Slte Worker 
Reasonable Maximum Exposure 

Smokey Mountain Smelters 
Knoxvllle, Tennessee 
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Table E-69 
Risk Summary - On-Slte Worker 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-70R 
Risk Summary -Trespasser 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-71R 
Risk Summary - Trespasser 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxville, Tennessee 
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Table E-72R 
Risk Summeiry - Recreational Child User 

Reasoneibie Metximum Exposure 
Smokey Mountain Smelters 

Knoxviiie, Tennessee 
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Table E-73R 
Risk Summeiry - Recreational Child User 

Centred Tendency Exposure 
Smokey Mountain Smelters 

Knoxviiie, Tennessee 
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Table E-74R 
Risk Summeiry - Recreationd Adult User 

Reasoneible Meudmum Exposure 
Smokey Mountain Smelters 

Knoxville, Tennessee 
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Table E-75R 
Risk Summary - Age-Adjusted Resident 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-76R 
Risk Summeiry - Child Resident 
Reasoneibie Metximum Exposure 

Smokey Mountain Smelters 
Knoxviiie, Tennessee 
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Table E-77R 
Risk Summary - Age-Adjusted Resident 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-78 
Risk Summary - Age-Adjusted Resident - Groundwater 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-79 
Risk Summary - Child Resident - Groundwater 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxviiie. Tennessee 
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Table E-80 
Risk Summary - Adult Resident - Groundwater 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-81 
Risk Summary - Age-Adjusted Resident - Groundwater 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-82 

Risk Summary - Child Resident - Groundwater 

Central Tendency Exposure 

Smokey Mountain Smelters 

Knoxviiie. Tennessee 
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Table E-83 
Risk Summary - Adult Resident - Groundwater 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle. Tennessee 
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Table E-84 
Risk Summary - Resident 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-85 
Risk Summary - Resident 

Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-86 
Risk Summary - Child Angler 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-87 
Risk Summary - Child Angler 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-88 
Risk Summary - Adult Angler 

Reasonable Maximum Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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Table E-89 
Risk Summary - Adult Angler 
Central Tendency Exposure 
Smokey Mountain Smelters 

Knoxvllle, Tennessee 
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